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POLYhERS FOR SPACECRAFT W W A R E  - blATERIALS SPECIFICATIONS 
-- 
The o b j e c t i v e s  of t h i s  program are:  (1) to p r o v i d e  i n f o r m a t i o n  
un t h e  chemica l  and p h y s i c a l  p r o p e r t i e s  of s p a c e  polymers  so a s  to  
peiviit p r e p a r a t i o n  of procurement s p e c i f i c a t i o n s ;  and ( 2 )  t o  o b t a i n  
ncii 1:ifonia t i o n  of t h e  e f f e c t s  of s i m u l a t e d  s p a c e c r a f t  environment  o n  
c a n d i d a t e  s p a c e  polymers.  
T e s t  metnods a r e  d i s c u s s e d  for t h e  chemica l  and p h y s i c a l  prop- 
e r t i e s  of epoxy a d h e s i v e s  and RTV-silicone r u b b e r s  ( i n c l u d i n g  c u r i n g  
a g e n t s ) .  R e s u l t s  f u r  t y p i c a l  polymeric  m a t e r i a l s  and t h e  d e t a i l s  for 
s u g g e s t e d  s p e c i f i c a t i o n  t e s t -me thods  a r e  a l so  g i v e n .  
A s tandardi ized p r o c e d u r e  f o r  thermal-vacuum w e i g h t - l o s s  of  
polynier ic  m a t e r i a l s  is d e s c r i b e d ;  r e s u l t s  a r e  g i v e n  f o r  20 po lymer i c  
F i a t e r i a l s ,  and w e i g h t - l o s s  l i m i t s  f o r  m a t e r i a l s  a r e  s u g g e s t e d .  
U n i t s  f o r  t h e  d e t e r m i n a t i o n  of v o l a t i l e  condensab le  m a t e r i a l  ( V a l )  
are descr ibed;  t h e s e  u n i t s  w i l l  p r o v i d e  e n g i n e e r i n g  i n f o r m a t i o n  on VCM 
b u t  they have n o t  been p u t  i n t o  s e r v i c e  a t  t h i s  t i m e .  A m i c r o - V C M  
u n i t ,  d e s i g n e d  to s c r e e n  polymeric m a t e r i a l s ,  i s  i n  o p e r a t i o n ;  a v a i l -  
a b l e  d a t a  on V31, as  w e l l  a s  we igh t - lo s s  a r e  g i v e n .  The r e s u l t s  o f  
mass s p e c t r o m e t r i c  s t u d i e s  of s u b s t a n c e s  v o l a t i l i z e d  from t y p i c a l  
space polymers a r e  p r e s e n t e d .  
Dlscubsion I S  ~iiatlc of the 111 s i  t u  Ine,isurenieuts u t  m e c h a n i c a l  --
p r o p e r t  1c5 di a 3t'rit's of e la s to i i i e r s  and p l a s t i c s ;  d a t a  a r e  provided 
on the p r o g r e s s  of the 8-month sLorage t e s t s  unde r  c o n s t a n t  s t r a i n  lor 
selected e l a s t o m e r s .  
T I  I n  a c c o r d a n c e  w i t h  t h e  "New Technology C l a u s e ,  four d i s c l o s u r e s  
a re  made of advancement of technology u n d e r  JPL/NASA s p o n s o r s h i p .  
A t a b l e  sumniariaing t h e  w o r k  per formed on a g roup  of polymers  is 
given i n  the Appendix.  
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T h i s  I n t e r i m  Report s u n u n a r i L e s  t h e  work performed under  J P L  
Cui1 t rucl 9307.15, SIiI ProjecL ASD-5046, dui'ing t h e  p e r i o d  August 1965 
L o  \larch l96ti. 
The p r imary  o b j e c t i v e s  oi t h i s  program a r e  to assist t h e  J e t  Pro- 
p u l s i o n  L i b o r a t o r y  of t h e  C a l i f o r n i a  I n s t i t u t e  of Technology i n  t h e  
devclupiiieiit Litid p r e p a r a t i o n  o f  p o l ? m e r i c  m a t e r i a l  s p e c i f i c a t i o n s  to b e  
used i n  c o n n e c t i o n  wiLh J P L  s p a c e c r a f t s ,  and to p r o v i d e  a s tudy  o f  t h e  
c f l ~ - c ~  5 of s i ~ n u l a  Led s p a c e  eilvi1*oiinleti t on s e l e c t e d  cormnercial po lymer i c  
p r o d u c t s .  The m a t e r i a l s  and p roduc t s  to be  s t u d i e d  and t h e  e x t e n t  of 
wurh  10 be performed a re  s p e c i f i e d  by the JPL Cogn izan t  E n g i n e e r s .  
The p r o g r a ~ n  i s  conducted  a s  tvio i n t e r r e l a t e d  and c o n c u r r e n t  
phases :  The purpose  oi Phase I ,  Polymer ic  h l a t e r i a l s  S p e c i f i c a t i o n s ,  
i s  t o  o b t a i n  q u a n t i t a t i v e  v a l u e s  f o r  p a r a m e t e r s  which may be used  to 
assure t h e  per lor inance of :i g iven  b a t c h  of m a t e r i a l  i n  a s p a c e c r a f t  
envi ronment .  The  purpose  of Phase 11,  E n g i n e e r i n g  I n f o r m a t i o n ,  i s  to 
c s  t a b l i s h  m a t e r i a l  l i n i i t a t i o n s  and to  o b t a i n  d e t a i l e d  d e s i g n  i n f o r -  
ilia t ion . 
S e c t i o n  I of t h i s  r e p o r t  sunmar izes  a number of chemica l  and 
ph:. s i c a l  tes t  methods Hliich have been e v a l u a t e d  f o r  i n c o r p o r a t i o n  i n t o  
s p e c i f  icd t i o n s ,  and l i s ts  t h e  r e s u l t s  o b t a i n e d  w i t h  t y p i c a l  po lymer i c  
m a t e r i a l s .  I n  i:iany i n s t a n c e s ,  .ASllI methods have  been found a d e q u a t e ;  
i n  o t h e r  i n s t a n c e s ,  t es t  methods .a\'e been developed  or  adopted  from 
s u g g e s t i o n s  imde i n  t h e  chemica l  l i t e r a t u r e  or i n  m a n u f a c t u r e r ' s  
l i t e r a t u r e .  
In S e c t i o n  11, d e t a i l s  a r e  g iven  of test methods which have  been 
developed, adop ted ,  o r  modi f ied  a t  SRI. A l l  of t h e s e  methods have 
been foruai-dcd to  t h e  JPL  Cognizant  E n g i n e e r  a s  s u g g e s t i o n s  f o r  
i n c l u s i o n  i n  s p e c i f i c a t i o n s  test  r e q u i r e m e n t s .  
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A review of t h e  vacuum-weight-loss a p p a r a t u s  and t h e  work l e a d i n g  
to t h e  f o n n u l a t i o n  of a s t a n d a r d i z e d  p r o c e d u r e  f o r  w e i g h t - l o s s  d e t e r -  
m i n a t i o n s  i s  g i v e n  i n  S e c t i o n  111. A l s o  i n c l u d e d  a r e  w e i g h t - l o s s  
r e s u l t s  f o r  20 po lymer i c  materials, some of which were r e - d e t e r m i n e d  
s u b s e q u e n t  to s i m p l e  p o s t c u r i n g  t r e a t m e n t s .  A t a b l e  of  w e i g h t - l o s s  
l i m i t s  f o r  selected polymers  ( less t h a n  1; weight-loss! i s  a l s o  g i v e n .  
S e c t i o n  IV i n c l u d e s  a d i scuss ion  of t h e  i n  s i  t u  mechan ica l -p rope r ty  --
measurements conduc ted  i n  a thermal-vacuum environment  and d e s c r i b e s  
t h e  work performed:  t h e  most recent r e su l t s  f o r  t h e  e l a s t o m e r s  which 
a r e  b e i n g  s u b j e c t e d  to c o n s t a n t  s t r a i n  for a n  8-month p e r i o d  i n  t h e  
vacuum-thermal environment  a r e  t a b u l a t e d .  
I n  S e c t i o n  V ,  f a b r i c a t i o n  o f  an improved VCM a p p a r a t u s  i s  de- 
s c r i b e d .  A d d i t i o n a l l y ,  d e t a i l s  a r e  g i v e n  of t h e  d e s i g n  and o p e r a t i o n  
of a micro-VCM a p p a r a t u s  which p r o v i d e s  d a t a  f o r  maximum W a v a i l a b l e  
a s  w e l l  a s  w e i g h t - l o s s - d a t a ;  t h i s  u n i t  i s  to  be  used a s  to s c r e e n  
po lqmer i c  m a t e r i a l s  for b o t h  phases  o f  t h e  JPL program. 
The i d e n t i f i c a t i o n  by mass s p e c t r o m e t r y  o f  v o l a t i l i z e d  s u b s t a n c e s  
from a series of po lymer i c  m a t e r i a l s  i s  d i s c u s s e d  i n  S e c t i o n  V .  
I'n subsequen t  S e c t i o n s ,  "Fu tu re  Work" i s  d e s c r i b e d  i n  g e n e r a l  
terms, and "New Technology" p r o v i d e s  p e r t i n e n t  i n f o r m a t i o n  on t ech -  
n o l o g i e s  which have been advanced or deve loped  unde r  t h e  JPL/NASA 
s p o n s o r s h i p  of t h i s  program. A t a b l e  summarizing t h e  work performed 
on t h e  g roup  o f  polymers  examined t h u s  f a r  i s  g i v e n  i n  t h e  Appendix. 
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I .  CHEYICAL .LWD PHYSICAL TEST METHODS 
FOR SPECIFICATIONS 
Materials s p e c i f i c a t i o n s  a re ,  i n  g e n e r a l ,  p r e p a r e d  t o  p r o v i d e  a 
d e g r e e  of q u a l i t y - c o n t r o l  f o r  a c c e p t a b l e  materials and to e s t a b l i s h  
numer i ca l  norms f o r  v a l u e s  of c e r t a i n  p a r a m e t e r s  i n  o r d e r  to  p r o v i d e  
s t a n d a r d s  f o r  ne\ m a t e r i a l s .  Work performed toward t h e  development. and 
p r e p a r a t i o n  of s p e c i f i c a t i o n s  f o r  po lymer i c  m a t e r i a l s  t o  be used  i n  
s p a c e c r a f t  s h a s  i n c l u d e d  t h e  select  i o n  of meaningfu l  p h y s i c a l  and chem- 
i c a l  p r o p e r t i e s ,  t h e  e v a l u a t i o n  of test methods,  and t h e  a n a l y s e s  of 
r e p r e s e n t a t i v e  s p a c e c r a f t  polymers  i n  o r d e r  t o  p r o v i d e  l i m i t s  f o r  
selected p r o p e r t i e s .  
The s e l e c t i o n  of p r o p e r t i e s  and test methods was made subsequen t  t o  
a s t u d y  of polymer c h e m i s t r y  and s y n t h e t i c  p r o c e d u r e s  for  e a c h  polymer 
c l a s s  i n  t h e  l i g h t  of a s s u r i n g  conformance of t h e  polymers  w i t h  end-use 
r e q u i r e m e n t s .  The test  methods which have been recommended for  s p e c i f i -  
c a t i o n s  a r e ,  f o r  t h e  most p a r t ,  methods which a re  e a s i l y  per formed i n  
n e a r l y  any chemica l  l a b o r a t o r y .  'She po lymer i c  materials which have been 
e v a l u a t e d  here s e l e c t e d  by t h e  J P L  Cogn izan t  Engineer .  
The e s t a b l i s h m e n t  of test methods f o r  epoxy a d h e s i v e s  h a s  been  com- 
p l e t e d ,  and methods f o r  RTV-type s i l i c o n e  p o t t i n g  compounds a re  n e a r l y  
f i n a l i z e d .  ASTM methods have  been used  and s u g g e s t e d  for  s p e c i f i c a t i o n s  
whereve r  p o s s i b l e ;  i t  h a s  been found t h a t  a l t h o u g h  a test method i s  
a p p l i c a b l e  t o  a g e n e r a l  class of polymers ,  some m o d i f i c a t i o n  may be 
r e q u i r e d  f o r  s p e c i f i c  polymer p roduc t s .  D e t a i l s  of p r o c e d u r e s  o t h e r  t h a n  
ASTM, o r  m o d i f i c a t i o n s  t h e r e o f ,  a r e  g i v e n  i n  S e c t i o n  11 of t h i s  r e p o r t .  
The i n c o r p o r a t i o n  of  sugges t ed  test methods i n t o  JPL S p e c i f i c a t i o n s  h a s  
been  d i s c u s s e d  and reviewed w i t h  t h e  J'PL Cogn izan t  Eng inee r .  
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A .  EPOXY :U)HESIVES 
The r e s u l t s  reported i n  I n t e r i m  Report  3 0 .  1 (August 9, 1965 €or a 
series of. epoxy a d h e s i v e s  inc luded  epoxy e q u i v a l e n t  , h y d r o l y z a b l e  h a l i d e  
c o n t e n t ,  f i l l e r  c o n t e n t ,  n o n v o l a t i l e  c o n t e n t ,  d e n s i t y ,  and i n f r a r e d  ab- 
s o r b a n c e  spec t rum.  S i n c e  t h a t  t i m e ,  work has been comple ted  f o r  amine-  
n i t r o g e n  c o n t e n t  of c u r i n g  a g e n t s  Epon 9 3 1 B  and Epon B - 3 ,  f i l l e r  c o n t e n t  
of  Epon 917, and a c e t o n e - s o l u b l e  c o n t e n t  of Epon 4225 % ‘ a l l  s u p p l i e d  by 
S h e l l  Chemical Company . 
Amine Si t rocren  Content  
D e t e r m i n a t i o n  of  amine -n i t rogen  c o n t e n t  of epoxy c u r i n g  a g e n t s  
Epon 931B and Epon B - 3  was f i r s t  a t t empted  by ASTM Method D 2073-62T 
f o r  fatty amines ; however ,  t h e  t i t r a t i o n  end-po in t  w a s  found d i f f i c u l t  
t o  l o c a t e ,  and the v a l u e s  ob ta ined  were s u s p i c i o u s l y  l o w .  A cross- 
check  by t tie Dumas micro-procedure  for n i t r o g e n  c o r r o b o r a t e d  s u s p i c i o n s  
t h a t  t h e  .UT% method gave  l o w  r e s u l t s .  Subsequent  i n v e s t i g a t i o n  r e v e a l e d  
t h a t  nonaqueous t i t r a t i o n s  g i v e  s a t i s f a c t o r y  v a l u e s  f o r  t h e  aromatic 
amines  : 
The sample is  d i s s o l v e d  i n  g l a c i a l  a c e t i c  a c i d  and t h e  
amine g roups  are  t i t r a t e d  w i t h  a s o l u t i o n  of p e r c h l o r i c  
a c i d  i n  g l a c i a l  a c e t i c  a c i d ;  methyl  v i o l e t  i s  used  as  
i n d i c a t o r ,  
The v a l u e s  o b t a i n e d  f o r  t h e  c u r i n g  a g e n t s  by  t h e  Dumas n i t r o g e n  
method and by nonaqueous t i t r a t i o n  a r e  g i v e n  i n  Tab le  I .  Also g i v e n  
i n  T a b l e  I is t h e  v a l u e  for a d i f f e r e n t  b a t c h  of Epon B-3 .  The amine- 
n i t r o g e n  c o n t e n t  f o r  t h e  B - 3  r e c e i v e d  i n  J u l y  was below S h e l l  Company 
s p e c i f i c a t i o n s  of 19-23?;; however, a c ros s -check  of t h i s  p a r t i c u l a r  
b a t c h  was conducted  a t  S h e l l  and t h e  v a l u e  of 18.5% was confirmed.  A 
new b a t c h  of B - 3 ,  r e c e i v e d  i n  September ,  was found to have  a s l i g h t l y  
h i g h e r  amine -n i t rogen  c o n t e n t ,  19.23, bur i t  u a s  s t i l l  b a r e l y  above t h e  
lower l i m i t s  of S h e l l  s p e c i f i c a t i o n s .  T h e  need f o r  s p e c i f i c a t i o n s  
s t a n d a r d s  and p r o c e d u r e s  i s  c l e a r l y  demons t r a t ed  by t h e  s e v e r e  ba t ch -  
t o - b a t c h  L a r i a t i o n s  d e t e c t e d  above. 
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Dumas Ni t rogen  
(micro-method 
Nonaqueous 
t i t  r a t  i o n  
Epon 931B 





F i l l e r  Content  
T h e  f i l l e r  c o n t e n t  of Epon 917 w a s  de te rmined  i n  acco rdance  w i t h  
S h e l l  Chemical Company Method 4DM-3, b u t  l o w  v a l u e s  were o b t a i n e d .  
I n v e s t i x a t  i o n  of tlie p rocedure  showed t h a t  t h e  recommended s o l v e n t  
ch lo robenzene  f o r  epoxy-type m a t e r i a l s  i n  g e n e r a l )  d i d  no t  d i s s o l v e  
a l l  the o r g a n i c  material p r e s e n t  i n  t h e  adhes ive .  The r e s u l t s  of 
. i d d i t i o n a l  e spe r in i en t s  l e d  t o  tlie f i n d i n g  t h a t  methyl  e t h y l  k e t o n e  is 
a s u p e r i o r  s o l v e n t  for Epon 917 see S e c t i o n  11, ThI-5046-3 ; a p p r o p r i a t e  
v a l u e s  f o r  f i l l e r  c o n t e n t  a r e  20.57-20.89 H t - 5 .  I t  was recommended 
t h a t  methyl e t h y l  k e t o n e  be s u b s t i t u t e d  f o r  ch lo robenzene .  
Acet one -So lub le  Content  
I t  was found t h a t  tlie u s u a l  tes t  methods f o r  epoxy r e s i n s  were n o t  
r e a d i l y  a p p l i c a b l e  t o  complex f o r m u l a t i o n s  such  as  t h e  a d h e s i v e  t a p e  
Epon -1225 , a n  epoxy-phenol ic  r e s i n  w i t h  aluminum f i l l e r  impregnated on 
a g l a s s - f i b e r  t a p e  . T o  c i rcumvent  t h i s  d i f f i c u l t y ,  i t  was dec ided  t o  
u s e  t h e  e x t r a c t a b l e  o r g a n i c  con ten t  of t h e  material as a measure of i ts  
s e r v i c e a b i l i t y .  G e n e r a l l y ,  s imp le  e x t r a c t i o n  w i t h  a s u i t a b l e  s o l v e n t  i s  
s u f f i c i e n t  f o r  removal of o r g a n i c  f rom i n o r g a n i c  materials :e.g., f i l l e r  
c o n t e n t  methods ; however ,  i t  was found t h a t  a S o x h l e t  e x t r a c t i o n  of 
t h e  a d h e s i v e  t a p e  w i t h  a c e t o n e  was r e q u i r e d  f o r  a c c u r a t e  r e s u l t s :  
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.!bout 10 g of the epoxy-phenol ic  a d h e s i v e  t a p e  is extracted 
for  4 hours  w i t h  250 m l  of a c e t o n e  i n  a S o x h l e t  a p p a r a t u s ,  
atid t h e n  the S o x h l e t  t h i m b l e  and c o n t e n t s  are  d r i e d  over -  
n i g h t  a t  1 1 0 ~ ~  p r i o r  t o  f i n a l  weigiiing. 
A r e l a t i v e l y  l a r g e  sample  must be used i n  o r d e r  t o  compensate  f o r  non- 
u n i f o r m i t i e s  of impregna t ion .  D e t a i l s  of t h e  p r o c e d u r e  are g i v e n  i n  
S e c t i o n  11, TM-5046-4; v a l u e s  o b t a i n e d  f o r  acetone-soluble c o n t e n t  
of Epon 4225 are  42.33-42.87 wt-$ .  
B.  RTV-SILICONE PCI'TING COMPOUNDS 
The f o l l o w i n g  p r o p e r t i e s  (and tes t  methods)  have  been i n v e s t i g a t e d  
f o r  RTV-si l icone b a s e  m a t e r i a l s  and c u r i n g  a g e n t s :  h y d r o l y z a b l e  h a l i d e  
c o n t e n t ,  hydroxy l  c o n t e n t ,  t i n  c o n t e n t ,  n o n v o l a t i l e  c o n t e n t ,  d e n s i t y ,  
v i s c o s i t y ,  and i n f r a r e d  s p e c t r a .  S u g g e s t i o n s  f o r  tes t  methods and l i m i t s  
f o r  m o s t  of t h e s e  p r o p e r t i e s  have been made t o  t h e  JPL Cognizant  Eng inee r  
f o r  i n c o r p o r a t i o n  i n t o  S p e c i f i c a t i o n s .  A small  amount of work r ema ins  
f o r  tests of  cu red  materials. 
F i l l e r  Content  
F i l l e r  c o n t e n t  of RTV-11, -60, -560, and -615A 'Gene ra l  E l e c t r i c  
Company J h a s  been de te rmined  by a s t r a i g h t f o r w a r d  p r o c e d u r e  i n v o l v i n g  
e x t r a c t i o n  of  t h e  s i l i c o n e  base material w i t h  ch lo ro fo rm:  
About 0 . 3  g of t h e  s i l i c o n e  base material ,  50 ml of c h l o r o -  
form,  and a b o u t  0.3 g of C e l i t e  f i l t e r - a i d  are mixed t h o r -  
oughly ;  t h e  m i x t u r e  is f i l t e r e d  and f i l l e r  c o n t e n t  is 
computed a f t e r  c o r r e c t i o n s  f o r  C e l i t e .  
D e t a i l s  of t h e  p r o c e d u r e  are g iven  i n  S e c t i o n  11, TM-5046-5, and r e s u l t s  
are summarized i n  T a b l e s  11-V.  
Hvdrolvzable H a l i d e  
Although a c h l o r i n a t e d  s i l a n e  i s  a n  i n t e r m e d i a t e  product i n  t h e  
p r o d u c t i o n  of s i l i c o n e  polymers ,  v i r t u a l l y  a l l  c h l o r i d e  ion  must be  
a b s e n t  f o r  q u a l i f i c a t i o n  of t h e  end-product  a s  a space-grade  material, 
since e v o l u t i o n  of c h l o r i d e  i o n  a s  c h l o r i n e  o r  h y d r o c h l o r i c  acid would 
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bc t i t a t  r iment  n l  t o  spncccraf  t opcrat i o n s .  l'lie €allowing procritlure h a s  
been useti f o r  d e t e r m i n a t i o n  of h y d r o l y z a b l e  i i a l i d e  i n  t h e  s i l i c o n e s  
r cpor t c t l  i n  ' IL ib lcb  1 1 - V .  
About 5-6 g of s i l i c o n e  base  n a t e r i a l  is t r e a t e d  w i t h  
50 m l  of e t h a n o l .  The r e s u l t i n g  s o l u t i o n  i s  t i t r a t e d  
p o t e n t i o m e t r i c a l l y  w i t h  0.1 N sodium hydrox ide ;  re- 
s u l t  s are r e p o r t e d  as wt-,; h y d r o l y z a b l e  h a l i d e  'as  
c h l o r i d e  1 .  
Det:iils of t h e  p rocedure  are g i v e n  i n  S e c t i o n  11, TM-5046-6. 
I n f r a r e d  S p e c t r a  
I n f r a r e d  abso rbance  c u r v e s  were o b t a i n e d  f o r  f i l m s  of t h e  RTV 
s i l i c o n e s  under  s t u d y  arid a re  reproduced  i n  F i g u r e s  1-4 [unde r  T a b l e s  I I -  
L' . T h e  f i l m s  w e r e  p r e p a r e d  by e v a p o r a t i n g  c h l o r o f o r m  ex t rac ts  of t h e  
s i l i c o n e - b a s e  n n t e r i a l s  on s a l t  f l a t s .  D u p l i c a t e  c u r v e s  have been  for- 
uartfed to  t h e  JPL Cognizant  Engineer  f o r  i n c o r p o r a t i o n  i n t o  S p e c i f i c a t i o n s .  
Sonvol  a t i 1 e C o n  t e n t  
The n o n v o l a t i l e  c o n t e n t s  of  t h e  RTV m a t e r i a l s  u n d e r  s t u d y  are sum- 
111~riae-d i n  T , i b l e ~  11-V. The  determiria tioris bere made i n  accordance w l t h  
ASTM hiethod D 1259-61 B , i . e . ,  d r y i n g  r e s i n  f i l m s  on aluminum f o i l  i n  
a forced-draf t  oven a t  105OC; i t  was found t h a t  b e t t e r  r e p r o d u c i b i l i t y  
of  r e s u l t s  was o b t a i n e d  i f  t h e  samples  were cooled i n  a desiccator ,  
r a t h e r  t h a n  s imply  c o o l i n g  i n  a i r  and x c i g h i n g  q u i c k l y  as s p e c i f i e d  i n  
t h e  ASTBI method. 
V i s c o s i t y  
The v i s c o s i t y  d e t e r m i n a t i o n s  f o r  t h e  RTV b a s e  materials are summarized 
i n  'Tables 11-V. The r e s u l t s  were o b t a i n e d  i n  acco rdance  w i t h  t h e  n i o d i f i -  
c a t i o n s  t o  ASThl Method D 1084jB;, as  mod i f i ed  by t h e  G e n e r a l  E l e c t r i c  
Company i n  t h e i r  S p e c i f i c a t i o n s  Guide:  OS-373C.  
A b r i e f  i n v e s t i g a t i o n  of t h e  e f f e c t s  of d e - a e r a t i n g  and c o n d i t i o n -  
i n g  w a s  u n d e r t a k e n ;  i t  was found t h a t  h i g h e r  v i s c o s i t y  v a l u e s  w e r e  g e n e r a l l y  
o b t a i n e d  if t h e  samples  were used as  r e c e i v e d .  Although t h e  h i g h e r  v a l u e s  
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a r e  s t i l l  w i t h i n  s p e c i f i c a t i o n  l i m i t s ,  i t  i s  recommended t h a t  t h e  GE 
m o d i f i c a t i o n s  be i n c o r p o r a t e d  i n t o  t h e  JPL S p e c i f i c a t i o n s  i n  o r d e r  t o  
ciisure u i i i 1 o r i i i  y u x l i  1) cunt ro1. 
Hydroxyl Con ten t  
A review of t h e  l i t e r a t u r e  i n d i c a t e d  t h a t  a number of p r o c e d u r e s  
had been s u g g e s t e d  f o r  d e t e r m i n a t i o n  of t h e  s i l a n o l  group bu t  t h a t  most 
of  them do not p r o v i d e  s a t i s f a c t o r y  and r e p r o d u c i b l e  r e s u l t s .  One of  
t h e  more promis ing  s u g g e s t i o n s ,  a z e o t r o p i c  d i s t i l l a t i o n  of t h e  water of 
c o n d e n s a t i o n  of s i l i c o n e s ,  was b r i e f l y  i n v e s t i g a t e d  bu t  i n s u f f i c i e n t  
water was o b t a i n a b l e  even wi th  100-g samples .  Thus,  t h e  ASTM p r o c e d u r e ,  
ASTM E 222-63T, "Hydroxyl Groups by Acetic Anhydride A c e t y l a t i o n ,  I' w a s  
used t o  o b t a i n  t h e  r e s u l t s  g i v e n  i n  T a b l e s  11-V: 
The sample i s  r e f l u x e d  w i t h  a s o l u t i o n  of acetic a n h y d r i d e  
i n  p y r i d i n e ,  e x c e s s  r e a g e n t  is hydro lyzed  w i t h  water, and  
t h e  a c e t i c  acid i s  t i t r a t e d  w i t h  s t a n d a r d  sodium hydrox ide  
s o l u t i o n .  The end p o i n t  is de te rmined  p o t e n t i o m e t r i c a l l y .  
D e n s i t v  
The d e n s i t i e s  of t h e  s i l i c o n e  b a s e  m a t e r i a l s ,  r e p o r t e d  i n  T a b l e s  11-V, 
were de te rmined  i n  acco rdance  w i t h  ASTM Method D 1875-61T; a l l  r e s u l t s  
a r e  i n  e x c e l l e n t  agreement w i t h  m a n u f a c t u r e r ' s  s p e c i f i c a t i o n s .  
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Table I 1  
DETERMINATIONS OF CHEMICAL AXD PHYSICAL PROPERTIES : 
RTV-11 (General  Electric  Company) 
Proper ty  
Base Material 
Hydrolyzable  h a l i d e  
Hydroxyl c o n t e n t  
F i l l e r  ( T i 0  c o n t e n t  




D e n s i t y  
V i s c o s i t y  
(No. 5 s p  
a t  25OC 
n d l e ,  4 rpm) 
C a t a l y s t  
T-12 (see Table  V I )  
T e s t  Method 
TM-5M6-6" 
ASTM E 222-63T 
TM-5 04 6 - 5" 
ASTM D 1259-61 ( B  j 
ASTM D 1875-612' 
ASTM D 1084 ( B  ) ; 
modif ied  by CE, 
Spec Guide OS-373C 
Values 
0.003-0.005 W t - k  
0 .98-1.10 m . e .  /g 
29.77-29.90 w t - k  
98.57-98.58 w t - $  
1.161-1.168 g / m l  
91 p o i s e s  
* S e e  S e c t i o n  I1 
FIG. 1 INFRARED ABSORBANCE SPECTRUM OF RTV-11 
9 
T a b l e  I11 
DETERMISATIONS O €  CIENICXL XNU PKI'SICAL PKOPERTIES : 
RTV-60 , G e n e r , i l  E l e c t r i c  Coinpany 
Proper ty  
Base Material 
Hydro lyzab le  h a l i d e  
Hydroxy 1 c o n t e n t  
F i l l e r  ;Fe203, c o n t e n t  
Soil v o l  a t i l e  con t e n  t 
D e n s i t y 4  
V i s c o s i t y  a t  2 5 ' ~  
(30. G s p i n d l e ,  10 r p n ,  
25 
Catalyst 
T-12 * see T a b l e  VI I 
Test h i e  t hod 
TM- 5 04 6 - 6" 
-\STX-I E 222-631' 
TM- 5046 - 5" 
ASTBI D 1259-61;B: 
ASTM D 1 8 7 5 - 6 1 T  
ASTM D 1084 \ B j ; 
inodif i e d  by GE, 
Spec Guide CDS-373C 
Values 
0.002-0.003 W t - , ;  
0.27-0.36 m . e ,  ; g  
50.08-5U -33 wt-:: 
99.20-99.23 wt-"; 
1.476-1.488 g ' m l  
595 p o i s e s  
+r see S e c t i o n  I1 
LO 
T a b l e  I V  
DETERMISATIONS OF CHEMICAL AVD PHYSICAL PROPERTIES: 
RTV-560 G e n e r a l  E l e c t r i c  Company) 
P r o p e r t y  
Bas e h l a  t e r i a 1 
Hydro lyzab le  h a l i d e  
H y  ti rosy 1 c on t e n t 
F i l l e r  i~Fe  0 c o n t e n t  
S o n v o l a t i l e  c o n t e n t  
2 3 :  
25 
4 D e n s i t y  
V i s c o s i t y  a t  2 5  O C  
:No. 6 s p i n d l e ,  10 rpml 
Cn t n l v s  t 
T-12 , s e e  T a b l e  V I )  
i k  S e e  S e c t i o n  I1 
Test Method 
ASTM E 222-63T 
Thl-5 046 - 5'k 
XSTM D 1259-61 i B ,  
ASThl D 11175-61T 
ASTM D 1 0 8 4 ( B , ;  
modi f ied  by GE, 
SDec Guide  CDS-373C 





410 poises  
I. - s 040 -.I 
FIG. 3 INFRARED ABSORBANCE SPECTRUM OF RTV-560 
11 
mijie  v 
I)ETER5fI?U’.4TIONS 01: CHEMICAL ASD PHYSICAL PROPERTIES : 
RTV-615A G e n e r a l  Electric  Company, 
P r o p e r t y  
Base  Material 
Hy d 1” 01 yza bl e ha 1 i d  e 
i i y d r o x y l  c o n c e n t  
F i l l e r  c o n t e n t  
S o n v o l a r  ile c m t  ent 
25 
Dens i t y4 I 
k r i s c o s i t y  a t  2 5 ’ ~  
,No. 5 s p i n d l e ,  4 rpm; 
Curing Agent 
615B ‘see T a b l e  L’III 
* S e e  S e c t i o n  I1 
Test Method 
TM-5 046 -6 Jk 
XSTM E 222-63T 
TM- 50-16 - 5” 
.UT11 D 1259-61 I3 
ASTM D 1875-61T 
ASTM D 1084 {B, ; 
m o d i f i e d  by GE, 
Spec Gu ide  CDS-373C 
V a l u e s  
0.002 -0.002 wt -5 
0.02-0.05 1n.e.; g 
none 
99.66-99.7a w t - 5  
1.013-1.015 g,/ml 
38 p o i s e s  
C .  &T CATALE-ST T-1% 
Tile  c a t a l y s t  used f o r  t h e  Genera l  E l e c t r i c  RTV-11,  -60, and -560 
s i l i c o n e  p o t t i n g  compounds i s  d i b u t y l t i n d i l a u r a t e ,  marketed by hET Chem- 
i ca l s ,  I n c .  as U T  C a t a l y s t  T-1%. D i s c u s s i o n  w i t h  t h e  JPL Cognizant  
Engineer  e s t a b l i s h e d  t h a t  t h e  m o s t  s i g n i f i c a n t  p r o p e r t i e s  of t h i s  material 
t o  be de termined  f o r  s p e c i f i c a t i o n s  pu rposes  would be h y d r o l y z a b l e  h a l i d e  
c o n t e n t ,  t i n  c o n t e n t ,  d e n s i t y ,  and \ i i s c o s i t y .  The r e s u l t s  of t h e s e  de-  
t e r m i n a t i o n s  are summarized i n  T a b l e  V I .  
fiy d ro l  y z a b l  e Ha 1 i d  e 
I iydro lyzable  h a l i d e  c o n t e n t  was de termined  a c c o r d i n g  t o  t h e  p rocedure  
p r e v i o u s l y  descr ibed  f o r  epoxy a d h e s i v e s  (see S e c t i o n  11, TM-5046-1 ; no  
h a l i d e  was d e t e c t a b l e ,  and t h u s  a s p e c i f i c a t i o n  l i m i t  can  be recommended 
as "less than  O . O O l ~ . f f  
T i n  Content  
E v a l u a t i o n  of se \ - e ra1  methods r e p o r t e d  i n  t h e  chemica l  l i t e r a t u r e  
f o r  t h e  d e t e r m i n a t i o n  of t i n  i n  o r g a n o t i n  compounds l e d  t o  a s a t i s f a c -  
t o r y  p rocedure  f o r  s p e c i f i c a t i o n s  pu rposes  : 
T h e  o r g a n o t i n  compound i s  decomposed by t rea tment  w i t h  
c o n c e n t r a t e d  s u l f u r i c  a c i d  fo l lowed  by i g n i t i o n  t o  
s t a n n i c  ox ide .  
The v a l u e s  g i v e n  i n  Table  V I  are  w e l l  w i t h i n  t h e  t i n  c o n t e n t  s p e c i f i e d  
by t h e  manufac tu re r  (18-19.5$: and compare f a v o r a b l y  w i t h  t h e  t h e o r e t i -  
ca l  v a l u e  f o r  p u r e  d i b u t y l t i n d i l a u r a t e  (18 .€ioL;). 
a r e  g i v e n  i n  S e c t i o n  11, TM-5046-7. 
D e t a i l s  of t h e  p rocedure  
D e n s i t y  
The d e n s i t y  of E T  C a t a l y s t  T-12 w a s  de t e rmined  a c c o r d i n g  t o  t h e  
p r o c e d u r e  d e s c r i b e d  i n  ASTM D 891-59 IC ) f o r  s p e c i f i c  g r a v i t y  a t  15.56 OC 
of i n d u s t r i a l  a r o m a t i c  hydrocarbons e However, s i n c e  T-12 i s  a s o l i d  
below 19OC, t h e  d e t e r m i n a t i o n  w a s  made a t  25OC and t h e  s p e c i f i c  g r a v i t y  
v a l u e s  were conve r t ed  t o  d e n s i t y  i n  conformance w i t h  t h e  JPL S p e c i f i c a -  
t i o n s  fo rma t .  A s  shown i n  Tab le  V I ,  t h e  v a l u e  of 1.046 g/ml i s  i n  a g r e e -  
ment w i t h  m a n u f a c t u r e r ' s  s p e c i f i c a t i o n  of 1.05 g,:ml. 
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Vis cos i t  y 
The v i s c o s i t y  of T-12, g i v e n  i n  T a b l e  V I ,  w a s  de t e rmined  a t  24.S°C 
i n  acco rdance  w i t h  t h e  p r o c e d u r e  s p e c i f i e d  i n  ASTM Method D-l084(B).  
The sample w a s  t r a n s f e r r e d  t o  a 600-ml b e a k e r ,  de-aerated i n  a vacuum 
oven f o r  112 h o u r ,  and c o n d i t i o n e d  a t  t e m p e r a t u r e  f o r  30 minu tes  p r i o r  
t o  t e s t i n g .  
D. RTV CURING AGENT 6 1 5 B  
L i t t l e  i n f o r m a t i o n  h a s  been made a v a i l a b l e  on t h e  na ture  of t h e  cur- 
i n g  a g e n t  615B,  used w i t h  FtTV-615A; however,  i t  is known t o  c o n t a i n  a 
c a t a l y s t  d i s p e r s e d  i n  a s i l i c o n e .  S i n c e  a r e l a t i v e l y  l a r g e  amount of 
t h i s  a g e n t  i s  used ( a b o u t  lo$), d e t e r m i n a t i o n  f o r  h y d r o l y z a b l e  h a l i d e  
was c o n s i d e r e d  mean ingfu l ;  t h e  d e n s i t y  w a s  de t e rmined  a s  a s i m p l e  q u a l i t y  
control  p rocedure .  R e s u l t s  of t h e  d e t e r m i n a t i o n s  and t h e  p r o c e d u r e s  
used a r e  g i v e n  i n  T a b l e  VII. 
14 
. '  
P r o p e r t y  T e s t  Method 
Hydro lyzab le  ha1 i d e  TM-5046-6" 
ASTM D 891-59(C) 25 Dens i ty4  
Table  V I  
DETERMINATION OF CHEMICAL AND PHYSICAL PROPERTIES : 
M&T CATALYST T-12 ( W T  Chemical  Co . j*  
Va lues  
< O.OOlf? 
1.002-1.003 g / m l  
Hydro lyzab le  h a l i d e  
T i n  Con ten t  
D e n s i t y  
V i s c o s i t y  a t  25OC 




Te s t Method 
Tpn-5 046 - lt 
t TM- 5046 -7 
ASTM D 8 9 1 - 5 9 : C j  
ASTM D 1084 ( B  ,I ; 
modif ied  by GE , 
SDec Guide CDS-373C 
.?;- Used for RTV-11, RTV-60, and RTV-560. 
+ S e e  S e c t i o n  II 
Values 
i O.OOl$ 
"+ 18.7 1 - 18.76 w t -';3 
1.046-1.046 g / m l  




1 1 .  SPECIFIC.\TIOX TESr XETHUDS DEVELOPED AT SRI 
Followir ig  the s v l e c L i o n  o f  p r o p e r t i e s  to be d e t e r m i n e d  tor g e n e r a l  
c1.155es of  p o l ) i ~ i ~ ~ ~ - i ~  matcJr id l s ,  i n t e s t i g a t i o n s  were made of a v a i l a b l e  
t e s t  nietfiods h h i c f i  c o u l d  be used d i r e c t l y  o r  w i t h  sollie modification. 
I L  \\.is t ound  t h a t  A S J X  uiethods were a v a i l a b l e  t o r  many of the selected 
p r o p e r t i e s  and t h e y  sere p res sed  i n t o  u s e  :cherever pok,ssible s ince  the]  
liar'e been t h o r o u g h l j  e v a i u a t e d  arid s t a n d a r d i t e d  and a r e  a l r e a d y  i n  k i d e  
u s e .  In 5 0 1 ~  illstdneees, hobever ,  c l a s s i ~ a l  p r o c e d u r e s  had to be mod- 
i l  led  bh cipprQpriLi :e selection o t  r e a g e n t s  o r  m i i d l i n g  t e c h n i q u e s ;  i n  
ot1it.r i i i s tLlnces ,  p r d c e d u r e s  recorruiieiided by  m a n u i a c t u r e r s  o r  p u b l i s h e d  
i n  r h c  o p e n  l i t e r a t u r e  acre found s a t i s t a c t o r y .  
A s  3 r e s u l t ,  a nuiiihcr u t  t e s t  methods have been developed  and s u g -  
g t s t e d  i u r  i n c o r p o r a t i o n  i n t o  JPL S p e c i t r c ' i t i o n s .  The details 01 t h e s e  
i ne thds  <ire given in tile f o l l o k i n g  pages; method code numbers have  been  
ass igned for ease ol. rt l ierence.  
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TM -5046 -1 
May 1965 
HYDROLYZABLE HALIDE CONTENT OF EPOXY ADHESIVES 
Refe rence :  ASlM Method D 1726-62T, "Hydrolyzable  C h l o r i n e  C o n t e n t  of 
Liqu id  Epoxy Resins"  
P rocedure :  P r e p a r e  and h y d r o l y z e  t h e  sample i n  acco rdance  w i t h  t h e  
d i r e c t i o n s  g i v e n  i n  ASTM D 1726-621'. 
Then, add 10 n l  of 1:l n i t r i c  a c i d  s o l u t i o n  to t h e  h y d r o l -  
y z a t e  and d i l u t e  w i t h  an e q u a l  volume of d i s t i l l e d  w a t e r .  
T i t r a t e  t h e  s o l u t i o n  wi th  0 .1  H s i l v e r  n i t r a t e  s o l u t i o n ,  
u s i n g  a s i l v e r - m e r c u r o u s  s u l f a t e  r e f e r e n c e  e l e c t r o d e  
sys t em a s  i n d i c a t o r .  P l o t  t h e  i n c r e m e n t a l  volume of s i l v e r  
n i t r a t e  consumed v e r s u s  t h e  emf of t h e  e l e c t r o d e  sys t em to 
l o c a t e  t h e  end p o i n t .  
- 
Blank d e t e r m i n a t i o n s  a r e  t o  be conduc ted  c o n c u r r e n t l y  w i t h  
t h e  sample.  
C a l c u l a t i o n  (assuming a l l  h a l i d e  to be c h l o r i d e ) :  
(A-B) x N x 3 . 5 5  
W 6 h y d r o l y z a b l e  h a l i d e  = 
where A = ml of s i l v e r  n i t r a t e  s o l u t i o n  r e q u i r e d  to t i t r a t e  
t h e  sample,  
B = ml of  s i l v e r  n i t r a t e  s o l u t i o n  r e q u i r e d  to t i t r a t e  
t h e  b l a n k ,  
N = n o r m a l i t y  of t h e  s i l v e r  n i t r a t e  s o l u t i o n ,  
and W = weigh t  of sample i n  grams. 
18 
I l l - 5046  -2 
xugus t 1965 
,4iVlINE-NITKOGEN CONTENT OF EPOXY CURING AGENTS 
Refe rence :  Welcher ,  F .  J . ,  ( E d . ) ,  S t anda rd  Methods of Chemical  A n a l y s i s ,  
D .  van Nosti-and C u . ,  I n c . ,  N e w  York, 1963, V o l .  11, P a r t  A ,  
p . 488. 
P rdcedure :  Weigh a c c u r a t e l y  ( 20.1 m g m )  abou t  0.2 g of t h e  c u r i n g  a g e n t  
arid d i s s o l v e  i n  25-50 m l  of g l a c i a l  a c e t i c  a c i d .  
T i t r a t e  t h e  sample s o l u t i o n  w i t h  0.1 N p e r c h l o r i c  a c i d  
s o l u t i o n  u s i n g  methyl v i o l e t  i n d i c a t o r  (U .25$ i n  g l a c i a l  
a c e t i c  a c i d ) ;  t h e  color change i s  v i o l e t  to g r e e n .  
- 
P e r c h l o r i c  a c i d  s o l u t i o n :  D i s s o l v e  abou t  8 . 5  n i l  of 
7 0 5  p e r c h l o r i c  a c i d  in 1 l i t e r  of g l a c i a l  a c e t i c  
a c i d ;  add c a u t i o u s l y  i n  small p o r t i o n s  abou t  15 ml 
of acet ic  anhydr ide ;  a l l o w  t o  s t a n d  o v e r n i g h t  b e f o r e  
u s e .  S t a n d a r d i z e  a g a i n s t  sodium a c e t a t e  s o l u t i o n  
(o.~,i3 g of d r i e d  sodium c a r b o n a t e  i n  enough g l a c i a l  
a ce t i c  a c i d  t o  make 100 ml of s o l u t i o n . ) .  
C a  l c u l a  t ion : 
,!. amine n i  t rogen  v x N x 14.0 W 
where V = 1111 of p e r c h l o r i c  a c i d  s o l u t i o n  t o  t i t r a t e  
the s a m p l e ,  
N = n o r m a l i t y  of t h e  p e r c h l o r i c  a c i d  s o l u t i o n ,  





FILLER CONTENT OF EPOXY ADHESIVE, EPON 917 
References: S h e l l  Chemical Company Method ADM-3, 
JPL S p e c i f i c a t i o n  22dF-4071-UOOl 
Procedure: The procedure i s  i d e n t i c a l  to that  recommended by the 
S h e l l  Company and included i n  JPL S p e c i f i c a t i o n s  f o r  
epoxy adhesives ,  with the fol lowing exception:  
For Epon 917 ,  methylethylketone i s  to be used i n  
p lace  of chlorobenzene f o r  the ex trac t ion .  
20 
where i Y  = o r i g i n a l  weight o f  th imble  p l u s  sample,  
0 
W = f i n a l  weight  of th imble  p l u s  residue, 




"M -5046 -5 
November 1965 
FILIER CONTENT OF RTV-SILICONE BASE MATERIALS 
Procedure :  Weigh 0 .3-0 .4  g (f 0.1 m g m )  o f  t h e  s i l i c o n e  base  and 
0.2-0.3 g (*0.1 mgm) o f  C e l i t e  f i l t e r  a i d  i n t o  a d r y  
1 5 0 - m l  b e a k e r .  Add 50 m l  o f  c h l o r o f o r m  and c o v e r  t h e  
b e a k e r .  
S t i r  t h e  m i x t u r e  i n  the beake r  w i t h  a g l a s s  rod i n  o r d e r  
t o  d i s p e r s e  comple te ly  t h e  i n s o l u b l e  m a t t e r  p r e s e n t  i n  
t h e  sample .  
F i t  an 125-ml s u c t i o n  f l a s k  w i t h  a rubbe r  c r u c i b l e  h o l d e r  
and ,  w i t h  t h e  a i d  of  t o n g s ,  p l a c e  a d r i e d  and weighed 
(i 0.1 mgm) g l a s s  f u n n e l  w i t h  a medium-porosi ty  s i n t e r e d -  
g l a s s  f r i t  i n t o  t h e  h o l d e r .  
Decant  t h e  sample mix tu re  through t h e  f u n n e l  u s i n g  suc t ion ;  
wash t h e  r e s i d u e  o u t  of t h e  b e a k e r  i n t o  t h e  f u n n e l  and 
wash t h e  i n n e r  w a l l s  of  t h e  f u n n e l  w i t h  small p o r t i o n s  o f  
ch lo ro fo rm,  u s i n g  a t o t a l  o f  a b o u t  20-30 m l .  R e l e a s e  
vacuum and wash t h e  o u t e r  body and s t e m  of t h e  f u n n e l  w i t h  
a few m l  o f  ch loroform t o  remove any a d h e r e n t  f i l t r a t e .  
D r y  t h e  f u n n e l  and c o n t e n t s  f o r  30 minu tes  a t  150OC; t hen  
c o o l  i n  a d e s i c c a t o r  t o  room t e m p e r a t u r e  and weigh t o  t h e  
n e a r e s t  0.1 mgm. 
100 ( W t  - F - C) 
W 
Ca l c u  l a  t i  on : 
$ f i l l e r  c o n t e n t  = 
where W = weight o f  f u n n e l  p l u s  f i l l e r  p l u s  C e l i t e ,  
t 
F = weight  of f u n n e l ,  
C = weight of  C e l i t e ,  
and W = weight o f  sample.  
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, lfi'DKOLYL.\ULE HALIDE COXTEST OF 
RTV- b I LICONE BASE &ITER IXLS 
where V = ml of NaOH s o l u t i o n  used ,  
N = n o r m a l i t y  of NaOH s o l u t i o n ,  
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TIN CONTENT OF DIBUTYLTINDILWRATE 
Reference: G i l n i l t t i ,  I I . ,  and Rosenberg,  S .  D . ,  J .  Am. Chem. Soc . ,  75, - 
3592 (1953) 
Procedure :  Weigh U.7 g 
p r e v i o u s l y  i g n i t e d  and weighed 3 0 - m l  p o r c e l a i n  c r u c i b l e .  
(21 nigm)  of o r g a n o t i n  compound i n t o  a 
U s e  o f  :I V y c o r  c r u c i b l e  w i l l  p r o v i d e  
l o r  v i s i b i l i t y  of t h e  sample d u r i n g  
decomposi t i o n .  
.kid 3 . 5  1111 o f  c o n c e n t r a t d  s u l f u r i c  a c i d  (sp. g .  1.84) 
to the sample and cover t h e  c r u c i b l e .  
Heat  t h e  t o p  of  t h e  c r u c i b l e  w i t h  a Bunsen b u r n e r  
(caution) atid g r a d u a l l y  lower t h e  p o s i t i o n  o f  t h e  f l a m e  
bj t he  s i d e s  of  t h e  c r u c i b l e  u n t i l  t h e  f l ame  i s  d i r e c t e d  
tolhard t h e  bot tom. Cont inue  h e a t i n g  u n t i l  ca rbonaceous  
m a t e r i a l  i s  conve r t ed  LO a w h i t e  s o l l d .  
Remove the c r u c i b l e  cove r  and i g n i t e  t h e  c r u c i b l e  o v e r  a 
Bunsen b u r n e r  t o r  0 .5  hour ;  cool i n  a d e s i c c a t o r ,  and 
weigh. 
C a l c u l a t i o n :  
Wt. of SnO A 78.77 
2 
s .  Wt. L - t l n  = 
L 
m1-5046-8 
September  1965 
L 
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V:lCUUhI-WEIGHT-MSS OF POLYMERS : 
PROCEDURE FOR ESTABLISHING WE IGHT-LOSS LIMITS 
Thermal-vacuum a p p a r a t u s :  X comple te  d e s c r i p t i o n  o f  t h i s  a p p a r a t u s  
i s  g i v e n  i n  I n t e r i m  R e p o r t  N o .  2 ,  t h i s  C o n t r a c t .  
Samples and r eco rd ing :  D u p l i c a t e  samples  a r e  p r e p a r e d  f o r  e a c h  
m a t e r i a l  fo r  we igh t - lo s s  d e t e r m i n a t i o n s  to be made a f t e r  43, 
96, and 192 hour s  of  exposure  to t h e  thermal-vacuum env i ron -  
ment o f  125% and torr. By a p p r o p r i a t e  s c h e d u l i n g ,  
complete d a t a  f o r  2 m a t e r i a l s  c a n  be o b t a i n e d  i n  10 d a y s .  
I d e n t i f y  samples  a s  comple te ly  a s  p o s s i b l e  g i v i n g  a11 
in forma t i o n  a v a i l a b l e .  
P r e p a r e  satiiples so a s  to p r o v i d e  maximum we igh t  w i t h i n  
r e s t r i c t i n g  d imens ions  o f  tes t  chambers .  
Note sample d imens ions ,  number of p i e c e s ,  and method o f  
p r e p a r a t i o n  ( c u t t i n g ,  sawing,  c o i l i n g  of f i l m s ,  e t c . )  and 
t i m e  and t empera tu re  f o r  c u r e  or p o s t c u r e  ( i f  r e q u i r e d ) .  
Humidify samples  a t  l e a s t  24 h o u r s  i n  a 50%-constant-humidity- 
chamber a t  l e a s t  24 hours  p r i o r  t o  i n i t i a l  weighing.  
Record s a m p l e  weight  d a t a  i n  t h e  f o l l o w i n g  f a s h i o n :  
A f t e r  h o u r s  - I n i  t i a  1 
W t .  of sample + h o l d e r  I n i t i a l  W t .  of sample + h o l d e r  
Wt. of  h o l d e r  F i n a l  w t .  o f  sample + h o l d e r  
W t .  of sample Weight l o s t  
C a l c u l a t e  L:--weight- lo~~ for e a c h  t i m e - i n t e r v a l .  
Systetn o p e r a t i o n :  Wax b a t h s  a r e  ma in ta ined  c o n s t a n t l y  a t  125'C I 2 .  
A t  t h e  t e r m i n a t i o n  of each  run ( 2  m a t e r i a l s ) ,  t h e  sample 
chambers and s topcocks  a r e  c l eaned  w i t h  " T r i s o l "  (1:l:l 
methanol ,  ch lo ro fo rm,  and benzene)  and evacua ted ;  a t  t h i s  
25 
Inser: -aInplf25 i n  chambers a i d  immediately open l a r g e  s t o p -  
cochs  slowly t o  evacua te  sample chambers .  
S t a r t  t i n i i n g  when p r e s s u r e  i n  t h e  sample chambers  is a g a i n  at 
10- torr; f i l l  l i q u i d  n i t r o g e n  t r a p s .  3 
A t  t e m i n : > t i o i i  u f  p r e s c r i b e d  t i m e  a t  t empera tu re  and vacuum: C l o s e  
u f f  l a r g e  s topcock  and v e n t  sample chamber through small  
s t o p c o c k .  
C , i r e f u l l y  remove c a p  assembly w i t h  suspended sample ,  i m -  
n w d i i a  t e l y  p l a c e  saniple i n  d e s i c c a t o r ,  and p l a c e  d e s i c c a t o r  
i n  b a l a n c e  room. After e x a c t l y  1/2 hour, weigh sample.  
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Samples and r e c o r d i n g :  I d e n t i f y  samples  a s  comple t e ly  a s  p o s s i b l e  
g i v i n g  a l l  i n f o r m a t i o n  a v a i l a b l e .  
P r e p a r e  samples  a c c o r d i n g  t o  m a n u f a c t u r e r ' s  i n s t r u c t i o n s  f o r  
c u r i n g  or p o s t c u r i n g ,  o r  u s e  "as r e c e i v e d . "  Make comple te  
n o t e s  of p r o c e d u r e s  used  f o r  p r e p a r i n g  and c u r i n g  samples .  
Procedure :  P l a c e  samples  of  about  200 m i l l i g r a m s ,  c u t  i n t o  small 
p i e c e s ,  i n t o  weighed aluminum b o a t s  ( g e n e r a l l y  used for micro- 
combust ion a n a l y s e s )  and c o n d i t i o n  i n  a SO'> humidi ty-atmosphere 
f o r  a t  l eas t  24 h o u r s  p r i o r  t o  weighing .  
Weigh the samples  on a mic roba lance .  Weigh t h e  p o l i s h e d  and 
c l e a n e d  coppe r  c o l l e c t o r  p l a t e s  on a microba lance .  
P l a c e  the samples  ( i n  the  aluminum b o a t s )  i n  t h e  sample 
compartments  of t h e  mic ro -VCM a p p a r a t u s  and n o t e  t h e  l o c a t i o n .  
A f f i x  t h e  weighed c o l l e c t o r  p l a t e s  t o  t h e  a p p a r a t u s  and n o t e  
t h e  l o c a t i o n  i n  r e f e r e n c e  to s p e c i f i c  samples .  
When samples  and collector p l a t e s  a r e  i n  p o s i t i o n ,  c o v e r  t h e  
a p p a r a t u s  w i t h  t h e  b e l l - j a r  and beg in  e v a c u a t i o n ;  a t  torr, 
a c t i v a t e  t h e  l i q u i d  n i t r o g e n  t r a p  and t h e  c o o l i n g  s y s t e m  f o r  
t h e  collector p l a t e s .  When the s y s t e m  i s  a t  l eas t  10' torr, 
e l e v a t e  t h e  t empera tu re  o f  t h e  coppe r  b l o c k s  c o n t a i n i n g  t h e  
samples  t o  125OC. 
5 
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.4f ter the samples  have  been ma in ta ined  
: i l l o w  t h e  sys tem t o  c o o l ,  i n  vacuo,  to 
l ea s t  5U°C. Then ven t  t h e  s y s t e m  w i t h  
-- 
a t  lZ5OC f o r  24 hour s ,  
a t e m p e r a t u r e  of a t  
d r y  n i t r o g e n  o r  he l ium.  
Reiiiove t h e  samples  and collector p l a t e s  i n  a s y s t e m a t i c  o r d e r  
and store i n  a p p r o p r i a t e  d e s i c c a t o r s .  
Begin weighing of s a m p l e s  a f t e r  1/2 hour  of s t o r a g e  i n  t h e  
d e s i c c a t o r ,  i n  t h e  order of t h e i r  removal from t h e  thermal -  
vacuum s y s t e m .  Then weigh t h e  collector p l a t e s .  
D a t a  to be r e p o r t e d  a r e :  sample weight  i n  grams, sample 
\ \ e i g h t - l o s s  i n  wt-?;, and VCM i n  wt-;'c. 
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A s t a n d a r d i z e d  vacuum we igh t - lo s s  a p p a r a t u s  and p rocedure  have 
been developed  f o r  e v a l u a t i o n  of c a n d i d a t e  polymer ic  m a t e r i a l s  f o r  
u s e  i n  s p a c e c r a f t s .  D e t a i l s  of t h e  a p p a r a t u s ,  es tab l i shment  o f  t h e  
p rocedure ,  and a d i s c u s s i o n  of s p e c i f i c  d e t e r m i n a t i o n s  a r e  i n c l u d e d  
i n  t h i s  S e c t i o n ,  a s  well as a summary of t h e  we igh t - lo s s  limits 
de te rmined  f o r  t h e  more promis ing  c a n d i d a t e  m a t e r i a l s  for S p e c i f i -  
c a t i o n s .  D i r e c t i o n s  f o r  per forming  t h e  vacuum-weight-loss de t e rmina -  
t i o n s  a r e  g iven  i n  S e c t i o n  11 ,  Thl-5036-8. 
A .  VACUUM-WEIGHT-LOSS APPARATUS 
The vacuum-weight-loss a p p a r a t u s  i s  s h o m  i n  t h e  photograph  i n  
F i g u r e  5.  A design drawing ,  i n c l u d i n g  t h e  p a r t s  l i s t ,  i s  g i v e n  i n  
F i g u r e  6 so t h a t  t h e  a p p a t u s  may be r ead i ly  d u p l i c a t e d .  
As shown i n  F i g u r e s  5 and 6 ,  t h e  a p p a r a t u s  accommodates d u p l i c a t e  
samples  under i d e n t i c a l  vacuum-thermal c o n d i t i o n s ;  t h e  l a r g e - b o r e  
s topcocks  e n s u r e  i,iaximum ra t e  of e v a c u a t i o n  on each  sample and v a l i d  
p r e s s u r e  measurements (made v i a  a gage  d i r e c t l y  above t h e  sample 
chamber) .  
The purpose  of t h e  w e l l  near t h e  j o i n t  of each  sample chamber 
i s  to  collect  s u b s t a n c e s  which may condense a t  cooler t empera tu res  
and to p r e v e n t  r e d e p o s i t  of t h e s e  s u b s t a n c e s  on t h e  samples .  One-mm 
s topcocks  a r e  a f f i x e d  to t h e  arms l e a d i n g  from t h e  sample chambers 
to p e r m i t  v e n t i n g  a t  t e r m i n a t i o n  o f  t h e  tests. 
G l a s s  hooks have  been a t t a c h e d  to t h e  c a p s  of  each  chamber so 
t h a t  samples  may be suspended d i r e c t l y  by wires or  i n  g lass  c o n t a i n e r s ,  
( I n  v i e w  o f  t h e  a n t i c i p a t e d  r e a c t i v i t y  o f  some polymer ic  m a t e r i a l s  
w i t h  w i r e  m a t e r i a l ,  Nichrome wires have been g o l d - p l a t e d  i n  o r d e r  t o  
p r o v i d e  an  i n e r t  c o n t a c t  s u r f a c e ;  p l a t inum wire, o f  s u f f i c i e n t  s t r e n g h ,  
c o u l d  also  be  u s e d . )  
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FIG. 5 PHOTOGRAPH OF VACUUM-WEIGHT-LOSS APPARATUS 
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FIG. 6 DESIGN DRAWING OF VACUUM-WEIGHT-LOSS APPARATUS 
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F o r e  pump: 
Dilfusion pump: 1.100 l i t e r s / s e c o n d  a t  t o r r  
Water-cooled b a f f l e :  Chevron-ring type  
i'acuuni gages: 0.35 to 1 x t o r r  
Tempera ture  c o n t r o l l e r :  95 LO 200 t 2 O C  
H e a t i n g  m a n t l e s :  95 t o  2 W 0 C  
0.5 l i t e r s / s e c o n d  a t  10-' torr  
32 
T I -  5046- 6 5  
FIG. 7 VACUUM SYSTEM WITH VACUUM-WEIGHT-LOSS APPARATUS 
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De\ . e l~pr i i e i i  I u l  ilie p.irm.ieitcr-, l o r  a i t a i i da rd ized  proc;edurt. f o r  
~ , i c u u i i i - v ~ c i ~ l i ~ - l o s s  1111 i t 3  h ~ s  i : i v o l v e d  i n v e s t i g a t i o n  01 sample prcp- 
~ r ~ t i ~ n ,  i e i g l i i n g  tcc l in iques ,  .1ud t ime f u n c t i o n s .  Two m a t e r i a l s ,  
w e l l - c h a r J c t e r i L e d  111 p r i o r  w r k ,  have  been selected as c o n t r o l  
smnplcs  f o r  n o t  o n l y  vacuum-weight-loss work b u t  a l s o  f o r  o t h e r  
s c r e e n i n g  p rocedures ;  t h e s e  a r e  Genera l  E lec t r i c  s i l i c o n e  e l a s t o m e r s  
SE-555 j w h i  t e )  and SE-555 (grab ). 
i 
Sainple Coiidi t i o n i n g  and Sample Weights 
S i n c e  the i n i t i a l  weight  of po lymer ic  samples  i s  dependent  on 
aiiibient c o n d i t i o n s  ( s u r f a c e  a d s o r p t i o n  of  a t m o s p h e r i c  moisture and 
g a s e s ) ,  a s t a n d a r d i z e d  c o n d i t i o n i n g  p rocedure  h a s  been adopted  f o r  
e n s u r i n g  r e p r o d u c i b i l i t y  of r e s u l t s  i n  a n y  c l i m a t e ;  samples  a r e  
p l aced  i n  a 5U.,':-i-elative-hurnidit4- environment  a t  2U-30°C f o r  a t  l e a s t  
24  hour s  p r i o r  t o  i n i t i a l  weighing.  
A 50-.;-cons t an  t -1iumidi t y  enviroumen t i s  e a s i l y  ma in ta ined  
by c o n f i n i n g  a s a t u r a t e d  s o l u t i o n  of  C a ( N 0  3 ) 
I t  i s  g e n e r a l  knowledge t h a t  po lymer ic  samples  w i l l  adso rb  mois- 
- 4 H . p  
t u r e  and a i r ,  e v e n  i n  a d e s i c c a t o r ,  a f t e r  exposure  t o  a thermal-vacuum 
envi ronment .  T h e r e f o r e ,  s u f f i c i e n t  t ime must  be a l lowed t o  pe rmi t  
exposed samples  t o  r each  a n  e q u i l i b r i u m  t empera tu re  i n  t h e  b a l a n c e  
room and an  optimum t ime inust be s e l e c t e d  f o r  weighing back t h e  
samples .  I n  v i e w  of  t h e  change i n  weight  w i t h  t i m e ,  i l l u s t r a t e d  below, 
an e x a c t  t i m e  f o r  weighing samples a f t e r  thermal-vacuum exposure  i s  
p r e s c r i b e d  f o r  s p e c i f i c a t i o n s  purposes ;  e x a c t l y  one-ha l f  hour  h a s  been 
selected t o  p r o v i d e  maxiiiium c o o l i n g  and minimum weight  increase: 
Time l a p s e  a f  t e r  renioving samples  
f roin vacuun~-thcrmal environment and 
s t o r i n g  i n  d e s i c c a t o r  (SE-555-whi t e )  Sample W t  . , g 
15 minu tes  5.2159 
30 minu tes  5.2163 
24 hours  5.2171 
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(1) 4 3  recei\"i, 3 s t r i p s  O L  2" I /Z"  1/16"; 
( 2 )  A5 r c c e i b c d ,  sliced u i t h  s ca lpe l  i n t o  p i e c e s  of a b o u t  
1 / 2 "  \ 1/16.' \ 1/62"; 
13 AS receiLed , f r o z e n  \ v i  t h l i q u i d  n i t r o g e n  and ground i n  
a mortar; d r i e d  under  lou vacuum a t  1-ooni t e m p e r a t u r e  
f o r  1/2 h o u r ,  and s t o r e d  i n  a d e s i c c a t o r  u n t i l  i n i t i a l  
u e l g h l n g .  
The sai , iples  were exposed to  t h e  t l i e r ~ ; i a l - v : ~ ~ u u i ~ ~  environnient f o r  
p e r i d s  ( ~ i  24,  7 2 ,  and  96 hours  i n  o r d e r  t o  r e n n i n  w i t h i n  t h e  bounds 
01 ,i nori1ia1 \ tu r -h ing  w w h .  The r e s u l t s  oL these d e t e r m i n a t i o n s ,  showi 
I ~ e l o ~  i n  o r d e r ,  indicate t h a t  the inore t e d i o u s  methods of p r e p a r a t i o n  
pro\.icle 11 t t l e  g:iiti 01 e r  the r e s u l t s  o b t < i i n t d  i r ~ : ~ i  s i m p l e  p r e p a r a t i o n :  
(1) 0.16-  w t - l o s s  a t  2 1  lir, 0.44-. a t  96 hr, 
( 2 j  U.-lU,' wt-loss 'it 2 4  h r ,  0.46: a t  96 hr, 
( 3 )  U . 3 3 , <  wr-loss a t  24 h r ,  0.56 ; .  at 96 h r .  
The r e s u l t s  o b t a i n e d  froin p r i o r  m s s  s p e c t r o m e t r i c  work kere a l i t t l e  
h i g h e r  f o r  a l o r i g e ~  e.ir1iosui-e per iod ,  i .e. , U.G5-.; a t  144 h o u r s .  Honever,  
a l l  r e s u l r s  a r e  w i t h i n  a r e z s o n a b l e  range f o r  s p e c i f i c a t i o n s  p u r p o s e s  
(0  . - I 5 4  .G5 T), nnd t h o s e  o b t a i n e d  w i t h  t h e  s t a n d a r d i z e d  a p p a r a t u s  a r e  
q u i t e  a d e q u a t e  i o r  c o n t r o l  l i i i i i t s .  
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lo 
RTV-11 U . 1 2  
RTV-60 0.09 
RTV-560 U .33  
RTV-615 0 . 0 3  
The \ L:cuunI-heiglii - losses oi t he  pos tcured RTV cornpounds a r e  com- 
p'tred i i i th  tho5e oota i i i tx i  f o r  the o r l g l : ~ ~ l l j - c u r e d  samples  zn T a b l e  V I I I ;  
a s t u d j  01 the d a t a  111 this T a b l e  shows tha t  p o s t c u r i n g  has  a n o t i c e a b l e  
ellect on [ h e  ~ , i cuu l : i -~e ib .h t - l ( , s s  of t h e  RTV compounds and i n d i c a t e s  
cle.11-1) i l lat  t h e  p o s t c u r i i i g  treatmenr i n c r e a s e s  t h e  d e g r e e  of p o l y -  
I1~er1zLl t l ~ l t l .  
'h lurnca,  I < .  F . ,  u t  . t i . ,  "Space En\riroil!nent E i f e c t s  on Polj-meric -- 




A11 of t h e  s i l i c o n e  elastoniers nientioti td a r e  i n c l u d e d  i n  the SUI>- 
m i - !  oi' weight - loss  l i i ~ i i t s  tor s e l e c t e d  polj.iiiers, g i l ~ e n  i n  T a b l e  V I .  
~ ~~ 
I n  an  e l f o r t  to  c o r r e l a r e  lo>> of : i i ~ t e r i a l  h i t 1 1  t h e  u n i a u o r a b l e  
results o b t a i n e d  i n  t I i ~ I , i ~ i ' i l - ~ ~ ~ c u ~ ~ ~  n i h a n i c a i - p r o p e r t i e s  tes ts  (Phase I1 ) 
o i  A L c s a n  i i l i n ,  we ight - loss  detei7iiin:itions were made f o r  two s i m i l a r  
G t t i c r a l  E lcc :  r i c  Lexan c h i p s ;  unfortunatel : ,  , t h e  g r a d e  and code  number 
o t  t ~ i e  t i l n  sample h a s  n o t  j e t  been i d e n t i i i e d ,  b u t  t h e  c h i p s  n r e  
graded a5  inediul:. c i ~ c o s i  t j  101-111 ( h e a t - s t a b i l i z e d )  and 101-112 
\ t i n t e d ) .  4s shea i n  T , ib l e  X, 11) weight- loss  c r i t e r i a ,  these  formula- 
t i o n s  would bc c o n s i d e r e d  sui t a b l e  to r  s p a c e c r a f t  u s e .  
The l e v e l i n g - o f i  of  n e i g h t  l o s s  w i t h i n  t h e  48  l iour  p e r i o d  m i g h t  
i n d i c 3 t e  t h a t  t h e  relensed i ~ i a t c r i a l  15 p r o b a b l j  q u i  t e  volatile; t h i s  is 
c o r r o b o r a i ~ d  bj miss +pec t r a1  identilicaiion ( s e e  S e c t i o n  V I ) .  
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Tl i t~  coa t ings  sere a p p l i ~ d  t o  copper -wire  co i l s  o f  s u i t a b l e  
s i ~ e  to  f i r  i n  t h e  sample cli,iinbers; t h r e e - f o o t  l e n g t h s  of 
16-gage copper i i i ~ ~ e  were avund on a I i a l f - inch  mandre l .  The 
~ o p p e r  coils were removed froi i i  t h e  iiiandrel and i n  t h e  c o a t i n g  
: i iL i te r ia l ,  dr ' i ined,  and c u r e d ;  then ,  a second c o a t  w a s  a p p l i e d ,  
i f  r e q u i r e d ,  and i r e a t t d  i n  t h e  same f a s h i o n .  
Eccocoat  EC,'ZOO, s u p p l i e d  by Emerson and Cuming, I n c . ,  was cu red  
f o r  cj l iours a t  room t t , rLiperature  and 2 f l O U r 5  a t  1 2 0 ~ ~  ( 2  c o a t s ) ;  
E c c ~ x o a t  VE ++as cured  f o r  Cj h o u r s  a t  room len ipe ra tu re  and 2 h o u r s  a t  
95% (1 c o a t ) .  ~ a c U L i : : i - - \ b e i ~ I i t - l o ~ b  r c 5 u l t 5  f o r  these c o a t i n g s  a r e  g i v e n  
i n  T,ible  XIII. A 5  i i i d i c a t t d ,  t h e  & e i g h t  lo55eS f o r  b o t h  m a t e r i a l s  a r e  
f a r  i n  e x c e ~ b  oi a c c e p t a b l e  limits and no i n d i c a t i o n  of  l e v e l i n g - o f f  is 
g i v e n  a i t e r  192 h o u r s  of e x p a s u r e  i n  the thermal-vacuum envi ronment .  
E v i d e n c e  ooserved  t h u s  f a r  i n d i c a t e s  t h a t  t h e s e  r e s i n s  r equ i r e  more 
ex tended  c u r i n g  a1 e l e L a t e d  ten ipera tures ,  t h a t  t he )  undergo slow decom- 
p o s i t i o n  i n  t h e  rhe17u1--Vc1cuwIi en i i ronnient ,  o r  t h a t  t h e  c u r i n g  cyc le  is 
n o t  l ong  enough to  renw1:e a n y  solvents t h a t  a r e  p r e s e n t .  
Weight - loas  d a t a  were a l s o  o b t a i n e d  f o r  a modif ied-epoxy c o a t i n g  
m t e r i a l ,  C l e a r  L'arnish B-276,  s u p p l i e d  by \Vestinghouse E lec t r i c  
C o r p o r a t i o n .  .S';ai;iples were a p p l i e d  to copper  c o i l s  a s  d e s c r i b e d  ab0L.e 
and cu red  for 4 h o u r s  a t  i-ooni tex ipera ture ,  fo l lowed by 1 hour a t  165OC, 
i n  accordance  to n i a n u f a c t u r e r ' s  i n s t r u c t i o n s .  As sho\ni i n  T a b l e  X I ,  
the w e i g h t  loss a p p a r e n t l y  l e v e l s  o f f  in 96 h o u r s ,  b u t  n e v e r t h e l e s s  i s  
well o u t s i d e  of a c c e p t a b l e  l i m i t s .  T h e r e f o r e ,  t h e  c u r i n g  t i m e  f o r  t h i s  
m a t e r i a l  was ex tended  t o  16 hour s  a t  165OC, and a much lower  we igh t  loss 
was obse rved ,  i . e . ,  0.56.;; con;pared t o  2.4.; (see Tab le  X I ) .  
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5 : m p l ~ ~  of  ;1 s i lver - f i l l td  epoxy-pastes s o l d e r ,  Eccobond S o l d e r  56C 
( - - u p p l i e d  I>?- Eii iersoii  and C ~ m i i i f i ,  
c a t a l y s ~  f o r  modera te  Lempernture p r o p e r t i e s ,  +9, and l o r  improved h igh -  
t C i : > p e Y ; i t U i * e  p r o p e r t i e s ,  ~ 1 1 ,  and w e r e  a p p l i d  to  c o p p e r  c o i l s  f o r  t h e  
weight- loss  detei i i i ina t i o n s .  S o l d e r  3GC/cJ was c u r e d  for 2 h o u r s  a t  5U°C 
iiud 56C, ' l l  was cured l o r  4 hours a t  65OC; i n  bo th  i n s t a n c e s ,  % e i g h t - l o s s  
levels were e s t a b l i s h e d  w i t h i n  48 h o u r s ,  i n d i c a t i n g  t h a t  t h e  v a l u e s  of 
about 0.7.: and 1.3::, r e s p e c t i v e l j - ,  might  be a t t r i b u t a b l e  SlJIlply to 
~ : o n r e ~ ~ ~ o v a l  f s o l v e n t s  d u r i n g  the cure. S i n c e  t h i s  i s  a unique  and 
i:xporLdnt : ; l a t e r i a l ,  n e w  s m i p l e s  were p r e p a r e d  f o r  48-hour  d e t e r m i n a t i o n s  
11)- e x t e n d i n g  the curing t i i n c  j n i  the p r e s c r i b e d  te i i ipera ture)  to  16 h o u r s ,  
i.e., o v e r n i g h t .  As shown i n  Tab le  X I I ,  t h e  weight  loss f o r  56C/9  was 
c u t  i n  h a l f ,  and t h a t  f o r  SGC/l l  H-:~s reduced  by a f a c t o r  of f i v e .  
I n c  . )  were p r e p a r e d  by u s i n g  b o t h  a 
Po 1h.u re t ha t i t -  Con f o rma 1 C o n  t i  ng s 
The JPL  Conformal  Coat ings-1001 and -1002, packaged i n  p l a s t i c  
syringes a s  f r o z e n  a d h e s i v e s ,  were stored a t  -W°F a c c o r d i n g  to manu- 
f a c t u r e r ' s  i n s t r u c t i o n s  ( A b l e s t i k  Adhesive Company) s i n c e  they  have  a 
s h e l f - l i f e  o f  o n l y  24 h o u r s  a t  room t e m p e r a t u r e s .  Fo rmula t ion  of t h e  
t w o  m a t e r i a l s  is t h e  same excep t  t h a t  JPL-1001 c o n t a i n s  a f l u o r e s c e n t  
d j .e ;  p r e p a r a t i o n  of s a m p l e s  for w e i g h t - l o s s  d e t e r m i n a t i o n s  were c a r r i e d  
o u t  a s  fo l lows:  
The s y r i n g e  and con ten t s  were warmed t o  room temperature ,  and 
the a d h e s i v e  was r e l e a s e d  from t h e  b a r r e l  o f  t h e  s y r i n g e  o n t o  
a g l a s s  p l a t e .  The p l a t e  w i th  t h e  a d h e s i v e  was p l a c e d  i n  a n  
oven  inairi tained a t  7OoC tor the recommended curing period of 
4 h o u r s .  
The p l a t e  and  cured c o a t i n g  were then cooled to r o o m  temper- 
a t u r e ,  and t h e  c o a t i n g  was re leased w i t h  t h e  a i d  of a s t a i n l e s s  
s tee1 s p a t u l a  . 
The r e s u l t a n t  c o ~  t i n g s  were t r a n s p a r e n t ,  somewhat t a c k ) ,  and q u i t e  
t ough .  Average t h i c k n e s s e s  were a s  f o l l o w s :  JPL-1001, 0 . U 5 0 " ;  
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T a b l e  X 
THEKhLAL -VACUuhl \YE I GHT -LOS S U E T  ERMI S AT I ONS : 
GESER;U. ELECTRIC POLYCARBOSATE PUSTICS 
125OC a n d  torr 
Ma t e r i a 1 
L e x a n  101-111 
Lexan 101-112 
Treatment  
a s  r e c e i v e d  
a s  r e c e i v e d  
I I 
s .  W t .  
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0.41 
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EMERSON AND CUMING EFQSII~E COA1'INGS 
125 OC ani! L O  torr -6 




6 .23  
8.98 
hla te r ia l  
Eccocoat EC 200 
~ ~~ 
T r e a t  men t 
~~ 
cured 6 h r  a t  ambient 
and 2 h r  a t  120°C 
Treatment  
a s  r e c e i v e d  
a s  r e c e i v e d  
c u r e d  6 hr a t  ambient 
and 2 h r  a t  95OC I Eccocoa t VE I 
Weight Loss j a v ' ,  $J s .  Wt. 














48 h r  
3.02 
2.71 
T a b l e  X I V  
THE RhfAL - VrlCULJhI WE I GHT - LOS S DETE KMI NAT I ONS : 
POLYURETHANE COXFORMAL COATINGS, ABLESTIK ADHESIVE COhPGW 
125OC and t o r r ,  
h l a t e r i a l  'Tre a t men t 
I I 
JPL- 1001 I c u r e d  4 h r  a t  75OC 1 . 7  
Weight Loss  'axr'!, 5 
1.9 0.53 
JPL-1002 cureti  lir a t  7 5 ' ~  2.2 0.29 
2.3 0.30 
2.4 
Tab le  XV 
THERMAL-VXCULJhl WEIGHT-LOSS DETERMINATIONS : 
ACRYLIC-GLASS FIBER SLEEVING, BEXTLEY-HARRIS MFG. CObE'AW 
,: 125 OC and torr 1 
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T e s t  R e s u l t s  
In s i t u  c o n t i n u o u s  and i n t e r m i t t e n t  stress r e l a x a t i o n  tests of 
r i n g s  of s i l i c o n e  r u b b e r s  SE-555, -3604, -3613, and -3713 and Hycar 
r u b b e r s  520-67-108-1 and -3 were conducted i n  d u p l i c a t e .  C o n s t a n t  
l o a d  t es t s  i n  vacuo of Lexan p o l y c a r b o n a t e  f i l m  were a l s o  u n d e r t a k e n .  
Specimens o f  each  of t h e  m a t e r i a l s  were a l s o  stored, under  no-load 
c o n d i t i o n s  w i t h i n  t h e  vacuum-chamber a t  t h e  test t e m p e r a t u r e  ( 1 2 5 O C ) ,  
f o r  l a t e r  c o n s t a n t - s t r a i n - r a t e  t es t s .  P r i o r  to r a i s i n g  t h e  t e m p e r a t u r e  
i n  t h e  test a r e a s  t o  125'C, specimens were c o n d i t i o n e d  unde r  vacuum 
a t  5 0 ° C  f o r  p e r i o d s  r ang ing  from 145 t o  280 h o u r s .  Con t inuous  and 
i n t e n n i t t e n t  s t ress  r e l a x a t i o n  t es t s  of s i l i c o n e  r u b b e r s  SE-555 and 
-3604 were a l s o  conduc ted  a t  1 2 5 O C  i n  an a i r  env i ronmen t .  
-- 
-- 
R e s u l t s  of stress r e l a x a t i o n  tests a r e  p r e s e n t e d  i n  F i g u r e s  8 to 
13, i n c l u s i u e ,  and i n  T a b l e  XVII and XVIII. The e f f e c t s  of t h e  vacuum 
the rma l  environment  on t h e  t e n s i l e  p r o p e r t i e s  of  stored m a t e r i a l s  a r e  
shown i n  T a b l e s  X I X  and XX. Environmental  c o n d i t i o n s  fo r  e a c h  test a r e  
i n d i c a t e d  i n  t h e  f o o t n o t e s  to t h e  t a b l e s .  
D i s c u s s i o n  o f  R e s u l t s  
2 .& d i s c u s s e d  p r e v i o u s l y ,  the  r e s u l t s  o f  con t inuous -and  
i n t e r m i t t e n t - s t r e s s - r e l a x a t i o n  t es t s  can be i n t e r p r e t e d  to  y i e l d  informa- 
t i o n  c o n c e r n i n g  the r a t e s  of a g g r e g a t i v e  and d i s a g g r e g a t i v e  r e a c t i o n s  
o c c u r r i n g  upon d e g r a d a t i o n  of rubbery m a t e r i a l s .  The decay of  stress 
i n  r u b b e r s  ma in ta ined  a t  a c o n s t a n t  e x t e n s i o n  i s  a d i r e c t  measure o f  
c h a i n - s c i s s i o n ,  o r  d i s a g g r e g a t i v e  r e a c t i o n s ;  t h e  n e t  e f f e c t  of c r o s s -  
l i n k i n g  ( a g g r e g a t i v e )  and s c i s s i o n  r e a c t i o n s  i s  measured by t h e  r e s u l t s  
o f  t h e  i n t e r m i t t e n t  t e s t .  I n  t h e  l a t t e r  t e s t ,  i f  t h e  c r o s s - l i n k i n g  
r e a c t i o n s  a r e  f a s t e r  t han  scission, i n t e r m i t t e n t l y  measured v a l u e s  of 
stress i n c r e a s e ;  c o n v e r s e l y ,  i f  c r o s s - l i n k i n g  i s  slower t h a n  s c i s s i o n ,  
stress d e c r e a s e s .  
The i n t e r m i t t e n t  tes t  y i e l d s  stress v a l u e s  which can  a l s o  be used 
a s  a measure of niodulus change wi th  t i m e .  Thus,  t h e  l a s t  datum p o i n t  
o b t a i n e d  from t h e  i n t e r m i t t e n t  t e s t  shou ld  be  comparable  w i t h  t h e  v a l u e  
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Bg examining the t c s l  result5 f o r  SE-LlW1,  - 3 ,  -3713 
j F i g u r c s  11-13, Ltiid I"ibles X T I 1  .ind XX),  i t  1 5  OL. V C ~  t h ~ t  SE-3fjU4 
is Lipp,irc.ntl> t i i i  most ~ t C i b l e ,  a l thuugh  the d i f  eiiceb a r e  not g r e a t .  
T h t  d i t iercnce betv,t!en resu l t . ;  oi the s t r e s s - r e l a x a t i o n  t e s t s  oi 
SE-360.1 and those  f u r  SE-3613 I S  almost i n s i g n i f i c a n t ;  hoaeve r ,  exam- 
i r id t ion  of   lie t e n s i l e  p r u p e r t i e s  ( T a b l e  XX) i n d i c a t e s  t h a t  t he  r u p t u r e  
p r o p e r t i e s  ot SE-3604 a r e  a lmost  u n a f f e c t e d  w h i l e  t h o s e  of SE-3613 
show s i g n i f i c a n t  r e d u c t i o n  of both > t ress  and s t r a i n  a t  r u p t u r e .  The 
iiitermi t t e n t  t e s t  r e s u l t s  f o r  SE-3713 i n d i c a t e  h i g h e r  stress l e v e l s ;  
t h i s  e t f e c t  15  e x p ~ c t ~ d  s i n c c  ti i t? s,tine r a t e  uf  c r o s s - l i n k i n g  would be 
r e f l e c t e d  b\ higher s t  cess levels i n  m a t e r i a 1 3  u i t h  h i g h e r  c o n c e n t r a -  
t ions  of r e i n f o r c i n g  s u l i d s .  The e f fec t  01 the vLtcuum-tfiernial env i ron -  
ment 011 t h e  t e n s i l e  p r o p e r t i e s  i s  . .pproxiraatel> the same Lor bo th  
SE-3613 and sE-3713. 
The e f f e c t  o f  t h e  vacuum-ther~iial  environment  on t h e  p r o p e r t i e s  of 
Lexan i s  shown i n  Tab le  X I X .  The iiiajor e f f e c t  n o t e d  is t h e  e l i m i n a t i o n  
of  y i e l d i n g .  Rup tu re  of t h e  exposed m a t e r i a l  was found LO o c c u r  a t  
app rox ima te ly  the  same stress as  t h e  y i e l d  stress of t h e  unexposed 
spec imens ,  and t h e r e  was a n  i n d i c a t i o n  t h a t  t h e  t e n s i l e  modulus may 
have  been somewhat d e c r e a s e d .  Cons tan t  load d a t a  a r e  no t  r e p o r t e d  
b e c i u s e  o f  e r r a t i c  r e s u l t s  and t h e  e x t e n s i v e  de fo rma t ion  which o c c u r r e d .  
The d i s t o r t i o n  t empera tu re  of Lexan i s  r e p o r t e d  t o  be abou t  125OC, and 
o c c a s i o n a l  b r i e f  e x c u r s i o n s  of  s t o r a g e  tempera t r re  t o  128-13U°C r e s u l t e d  
i n  s t ep -changes  i n  d e f o r m a t i o n  of a5 much a s  30$. These r e s u l t s  demon- 
s t r a t e  t h e  u n s u i t a b i l i t y  o f  Lexan a s  a s t r u c t u r a l  m a t e r i a l  f o r  u s e  a t  
125OC or  above .  T a b l e  XIX a l s o  shows t h e  t e n s i l e  p r o p e r t i e s  de te rmined  
f o r  po lyphenylene  o x i d e ;  t h i s  m a t e r i a l  r u p t u r e s  a t  i t s  maximum stress 
and d o e s  n o t  y i e l d  i n  t h e  manner o f  Lexan a t  t h e  t es t  r a t e  and tempera- 
t u r e  u s e d .  Kupture  sLress i s  a l m o s t  twice t h a t  of  Lexan and t h e  r u p t u r e  
s t r a i n  i s  airnut t he  same a s  t h e  Lexan y i e l d  s t r a i n .  
I 
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I l i t  errni t t e n t  Cont i 
Hycar - 1 
Iiyvcar- 3 
?da te r i a l  
0.6 
0.3 
Approx. T i m e  t o  
f t 'f 0 = 0.9 
h o u r s  
* 
Approx. T i m e  t o  
h o u r s  
SE-555 Ked 




2 1.06 1.36 4 
2 1.04 1 . 2 1  220 
3 1.08 1.32 300 
3 1.12 1.58 12 5 







Sotes:  1. All t e s t s  conducte t i  a t  s t r a i n s  of a p p r o x i m a t e l y  0.25 
2 .  Data o b t a i n e d  from b e s t  c u r v e s  drawn through 
d u p l i c a t e  l e s t  r e s u l t s  
3 .  Exposure c o n d i t i o n s  c o n s i s t e d  on t w o  s t a g e s :  
Hycar-1 and - 3 - -  a 215 h o u r s  a t  5OoC 
and an a v e r a g e  p r e s s u r e  of about  4 
'Lorr, 'b 1055 1io::rs a t  125'C and a n  a v e r a g e  
p r e s s u r e  of about  4 x t o r r .  
SE-555 and -3604--':1 280  h o u r s  a t  50°C-6 
anc! d n  a v e r a g e  p r e s s u r e  of a b o u t  4 x 10 
torr, 'b 1040 l r o u r s  a t  125'C and a v e r a g e  
p r e s s u r e s  of f rom 3.2 t o  4 x 10-6 t o r r .  
SE-3613 and -3713-- a 145 h o u r s  a t  5 O o C  
and an a v e r a g e  p r e s s u r e  of about  5 A 10 
t o r r ,  b i  910 hours  a t  125'C and an a v e r a g e  
p r e s s u r e  of a b o u t  2 torr .  
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EFFECT OF V.L\CUUhl-THERhlAL ESVIRON'MENT 
ON TEXS ILE PKOPLRTI ES OF HYCXR .ZXD S I  LICONE RUBBERS 
hla  t e r  i a  1 
Hycar-1 
H y c n r - 3  
SE-555 Red 
$E - 36 04 
SE-3613 
SE-3713 
:ant rol  
Exposed 
k i l t  r o l  
Exposed 
?on t r o l  
Exposed 
h n t  ro l  
Exposed 
Zont r o l  
Exposed 
Clont r o l  
Expos e d 
Coni ro l  
Exposed 
C o n t r o l  
Exposed 
C o n t r o l  
Exposed +i  
C o n t r o l  
Exposed$* 
C o n t r o l  
Exposed +: 
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N o t e s :  1. A l l  d a t a  p o i n t s  are  a v e r a g e s  of measurements on  
d u p l i c a t e  specimens.  * i n d i c a t e s  a v e r a g e  of tests 
i n  t r i p l i c a t e .  
2 .  T e s t s  were conducted a t  an e x t e n s i o n  ra te  of 0.1 i n . / m i n .  
3 .  C o n t r o l  specimens were s t o r e d  a t  normal  room con- 
d i t i o n s  f o r  t h e  e n t i r e  p e r i o d  from specimen p r e p a r a t i o n  
t o  f i n a l  t e s t i n g .  
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FiG. 8 CONTINUOUS AND INTERMITTENT STRESS-RELAXATION RESULTS 
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FIG. 9 CC)NTIKbOUS AND IhTERfd ITTENT STRESS-RELAXATION RESULTS 
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FIG. 10 CONTINUOUS AND INTERMITTENT STRESS-RELAXATION RESULTS 
FOR SE-555 IN VACUUM AT 125°C 
- - 
- - 
1 1 1  ! , I l , [  I > I I ! ! / !  I I . I i i l l l  I I 1 I I I I I !  I ! I I l l l L  
FIG. 1 1  CONTINUOUS AND INTERMITTENT STRESS-RELAXATION RESULTS 
FOR SE-3604 IN VACUUM AT 125OC 
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FIG. 12 CONTINUOUS AND INTERMITTENT STRESS-RELAXATION RESULTS 
FOR SE-3613 IN VACUUM AT 125°C 
I .5 
0.7 
FIG. 13 CONTINUOUS AND INTERMITTENT STRESS-RELAXATION RESULTS 
FOR SE-3713 iN VACUUM AT 125'C 
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liitc-rpretLitiori ul t e s t  r e s u l t s  d: the  end o f  t!ie 8-month 3 t u r a g e  
pcrioLI *ill inLt>1x e co1np:ir'isori3 01 tens i le  p r o p e r t i e s  aiid o b s e r v a t i o n s  
of t he  t i r r l c ~ - L o - r u y : ~ ~ r c :  of. the 2traint 'd 5pecir.iciis. T e n s i l e  p r o p e r t i e s  
f o r  e a c h  n.ater i ; l l  A ~ I L ~  t h e  t)-:muth e.upuSur.c. to vacuum a t  125% u i l l  be  
compared i o  coritrol  a w l  l o w - h o u r  dLitci  L G  d e t e r m i n e  the approximate  
r a t e  u i  Lhange UI p r o p e r t i e s  i:i t h e  1000- :o WOU-hour p e r i o d s  as  com- 
pared to t h a ~  of t n e  i i r i t  1000 fiuur's. S l i i i l i a r15 ,  b? u b s e r l i n g  t h e  
t i i n e ~ - L o - ~ - u p t u r c  d u r i n g  t h e  8 - . ~ ~ i ! I i  p e r i o d ,  deierniins. t ioti  s h o u l d  b e  
poss ib le  of Ahetner degradation oi p r u p e r t l e s  had d ln i in i shed  o r  increased 
i n  the tinle p e r i o d  beyond 1000 h o u r s .  I d e a l l y ,  i f  the  specimens a t  t h e  
l a r g e s t  s t r a i n  w i l l  r u p t u r e  d u r i n g  the first 1000 h o u r s ,  s u r v i v a l  of 311 
58 
I:i F i g u r e  15 ttie g l a s s  c j l i n c l ~ r  i i e a ~ e r  i s  sfioan around the  o b i s i c  
s t r u c t u r e .  The  glass I ixs  b e e n  coated ,it s K 1  h i t h  a bismuth o x i d e -  
go ld-b ismuth  oxide l a n i n L i t e ;  tlie g o l d  1 ' 1 ~  er i s  o f  t h e  order of Yu-1c)c) .A 
1 1 1  l h i c k n e s s .  .IC i n t e r 1  a l s ,  currt-nt-car 'r ;  i n g  copper \%ire> m v e  uecn 
a i f i x e d  t o  c o n d u c t i n g  s i l v e r  p a i n t  which i s  ileposi t ed  under  and o v e r  
t h e  l a ix ina t e ;  a i t e r  d e p o s i t i o n  01 t h e  l ' iminate o v e r  i n i t i a l  bands oi 
silver pain:, t h t  d s s t i i i b l )  &as a n n e a l e d  a t  -IC)U"C, and then the f i n a l  
bands  01 silver p a i n t  were a p p l i e d .  A -  5 r i i t w n  i n  F i g u r e  15 ,  c l e a r  
0 
Y i k l t > i l l l s  1 3  p~-o -~ . ided  LhrOugll Ll lc  Ilea [ C Y .  
T h e  b e l l - t u b e  (vLicuunl c h m b t - r )  i u r  each u n i t  1s s h o w  i n  p l a c e  
i n  F i g u r e  16 ,>nd 'tn :isse:iibl\ dL f o u r  u n i t s  1 3  shom in F i g u r e  1 7 .  
i l u n i i i u m  shields se rve  '1 d u a l  purpo5t? ,  1 . e . ,  mdintenaiice of tlie1-rnal 
e q u i l i u r i u c i  and p r o t e c i i o n  fr0i.i r a d i a t i o n  (fluorescer1 t f i x t u r e s ) .  
E a c h  u n i t  has a sep-ira  t e  hea t ing  c o n t r o l ,  Lh~we-~3051t i0 t i  ther imcouple  
r e a d - o u t ,  and vclLuum 5s stem. T h e  tnern lowuple  beads  a r e  inserted 111 
p i e c e s  of the sarie elastomer a s  be ing  tested: t h u s ,  the obscrvtui 
t e i n p e r a t u r e s  a t  d i f  ierent  l o c ~ t i u a s  w i t h i n  t h e  u n i t  i s  r e p r e s e n t a l i v e  
of the t e m p e r a t u r e  oi the i i i a t e r i a l s  under  t e s t .  
i o u r  r i n g s  .+ere BIOI -& u n s t r a i n 4  J S  con t ro l s  i n  each  u n i t .  O n l j  one  
e l ~ s ~ o i : , c r  5pecies is u s 4  i n  each u n i t  in o r d e r  t o  p r e v e n t  c r o s s  
contarn ina t ion  b\ i o l a t i l i a e d  s u b s t a n c e s .  
At s t a r t - u p ,  each  u n i t  %as evacuated  to less  than  10-3 t o r r  w i t h  
L~ ntechanic:il pump, and then its ion pump ( V a r i a n ,  15 l i ter/sec) was 
tu rned  on. When a p r e s s u r e  of less  than  10-5 torr was i n d i c a t e d ,  each  
u n i t  was permanent15 sealed of f  b j  c r imping  t h e  f o r e  pump l i n e .  Then 
t h e  t empera tu re  of t h e  units was r a i s e d  g r a d u a l l y  a s  d e s c r i b e d  below. 
P r e l i n i i n a r j  o u t g a s s i n g  o i  the  nia t e r i a l s  u d 5  accomplished a t  abou t  
4U0C t o r  about  1 7 5  h o u r s ,  d u r i n g  nhich  time t h e  p r e s s u r e  w a s  less  than  
1 ~ - 3  t o r r .  . i p p r o x i c u t e l y  10 hours  were r e q u i r e d  to r a i s e  the tempera- 
t u re  from -W0C t o  125%; t h e  pressure  d i d  n o t  exceed 10-4 t o r r  d u r i n g  
t h a t  p e r i o d .  S t o r a g e  time is computed from t h e  approx ima te  t i m e  of 
f i r s t  exposure  to l25 'C,  which was c l t  a b o u t  6:UO P.M. on December 27,  
1965. From U to 5U h o u r s ,  t h e  p r e s s u r e  was less than  t o r r ;  from 
50 t o  150 h o u r s ,  t h e  p r e s s u r e  had d e c r e a s e d  t o  less than  t o r r .  
Data  on t h e  number of samples  a t  v a r i o u s  s t r a i n s  i n  each  u n i t  and 
t i m e s  of r u p t u r e  a r e  summarized i n  T a b l e  XXI f o r  t h e  p e r i o d  December 27 
t o  Februa r )  27 , 1966. 
The  f o u r t h  u n i t  i h  be ing  reservtxi  f o r  c o n s t a n t - l o a d  t e s t s  to be 
performed w i t h  a p l a s t i c  m a t e r i a l .  
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Tab le  XXI 
SbMhL4RY OF DATA FOR EIGHT-MONTH STORAGE TESTS I N  VACUUM 
'December 2 7 ,  1965 t o  F e b r u a r y  2 7 ,  19661 
I hfa t er ia 1 
SE-3604 
G e n e r a l  




Hycar - 1 
IB.F. Goodr i ch  
Approx. S t r a i n ,  
















































Approx. Rup tu re  
T i m e ,  h r s  a t  125OC 
1 a t  -160: 1 a t  -7 
1 at 0 
2 a t  -3 
2 be tween 100-160 
1 between 170-185 
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FIG. 14 BASIC STRUCTURE FOR SUBJECTING SE 
TO SPECIFIC INITIAL STRAINS 
f 
T A - 5 0 4 6 - 6 6  
ECTED ELASTOMERS 
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T I - 5 0 1 6 - 6 7  
FIG. 15 VIEW OF CONSTANT STRAIN APPARATUS WITHIN GLASS 
CYLINDER HEATER 
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I ?  0 
' -  
b- mi'  
3 OD I 0 0 6 2 5  WALL 
COPPER TL!BING 
SPILL AND TAP 
FOR 10 32 L 314 
SCREW 
DETAIL A 
- - Oi87 
DETAIL B 
1 
I / 4  
4 - 4 0  55 L3CA7ING SCfftWS 
3 PLACES - 120" APART 
dENT HOLE 
1/16 in dtam DRILL THROUGH 
T Y P  
0 ! 2 5  dtam x I O  SS PIN 
0 I24 HOLE 
vARDEIUED STEEL DOWEL PINS 
W I T H  FLAT SURFACE ( SEE DETAIL A 1 
' PRESS FIT TO BORED THROUGH 
1 C SQUARE ALUMINUM STANDARD 
r' 
DRILL AN3 TAP FOR 
I C - 3 2  a 
I I /4 
3/8 L 5 CERAMIC STANDOFF 
I 4; l$J= 
( 4 E A C H  1 
2 5 0 d i a m  BOLT CIRCLE 
3 00 a 0 0 6 2 5  WALL 
COPPER TUBING 
--Io 
DRILL 0 2 5 0  dlom -- 0125 
S 1 LFOS 
SILVER 
SOLDER 
4-40 SS LOCATING SCREWS 
3 PLACES -120" APART 
SECTION A-A ' - 1 8 1  0 156 doom DRILL 4 PLACES 
TC-50.6 5 2  
ASSEMBLY OF ALUMINUM STANDARD 
FIG. 18 DESIGN DRAWING FOR CONSTANT-STRAIN APPARATUS 
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FIG. 19 DETAILED DESIGN DRAWING F 0 2  CONSTANT- 
STRAIN APPARATUS FOR 8-MONTH 
ST9RAGE TESTS 
1 D R ' i L  'nQOuGH A N 0  T A P  0 312 - I8 / 8 PLACES EC~AL, *  SPACED 
DETA'L & 




>POTFACE O 5 0 Q i o r n  
1'2062 DEEP 6 PLACES E O b A i L Y  S P A C E D  
AROUND C 3 7 5  &-E 
1- --__ - I' DR'L, aN3 TAP 1/4 - 2 8  x 314 DEEP, BOTTOMED '. 
6CTT9M VIEW 
VACUUM FACE PLATE .. L . 5  ' 
FIG. 20 DESIGN DRAWING FOR VACUUM FACE PLATE FOR 8-MONTH 
STORAGE UNITS 
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FIG. 21 FLANGE DIMENSIONS FOR 8-MCNTH STORAGE TEST UNITS 
9/32 BREAK - - ,/E x 5:8 
LSBES'OS LINING I 6 r  
ALL EDGE5 , 1 3 2  x 4 5 O  CHAMFER 
FLANGE ADAPTER 
I P L Q C H A S E ?  TEM I 
-' . a 
FIG. 22 FLANGE ADAPTER DIMENSIONS FOR 8-MONTH-STORAGE 
TEST UNITS 
r In, 
?, . > 4 6  .' G L A S S  HEATER 
FIG. 23 DESIGN DRAWING FOR GLASS HEATER FOR 8-MONTH-STORAGE 
TEST UNITS 
FIG. 24 DlMEfiSiGNS OF GLASS STAND PIPE FOR 8-MONTH-STORAGE TEST UNITS 
70 
CI - - C 5 0  - _  - 371n 
LIP ROLLED OVER , 
T P  OF 6 n dlam DISC .’ 
.l-Y.<. .* EXTERNAL SHIELD 
FIG. 25 DiMENSiObiS OF EXTERNAL SHIELD FOR 8-MONTH-STORAGE TEST UNITS 
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i'ht: p h i l o w p h g  and purpose  oi derenninations t o r  v o l a t i l e  condens-  
Lible i i i , t terial  iVC31) have  been d i s c u s s e d  l e n g t h  i n  a n o t h e r  r e p o r t ; *  
the VQ1 v a l u t  h a 5  been  d e i i n c d  a s  t he  weight  01 c o a d e n s a t c  o b t a i n a b l e  a t  
z s 0 C  i n  a g i v e n  i n t e r v a l  o f  t i m e  i r o m  a u n i t  a r e a  of m a t e r i a l  oi a 
g i v e n  th ichness  m i n t a i n e d  a t  125'C in a \~acuum of a t  l e a s t  t o r r .  
E ~ ~ i r n p 1 t . s  o t  VChl v a l u e s  a r e  g i v e n  i n  the f o l l u a i n g  t a b l e  f o r  an a c c e p t a b l e  
p u l j n i e r ,  V i t o n  14411.1-990 \ d u  P u n t ,  v i n j  l i d e n e  l l u o r i d e - h e x a f  l u o r u -  
prop?  leue)  aud . i l l  ~ i i i a ~ . c c p i  .itilt  p , ) l > m e r ,  H > p a l o n  ,122111-2718 ( d u  Punt 
ch1orosulfou;t t e d  p o l y e  th j  lene) . 
2 
t'CN i ' a lue  a t  123/~3OC, mg/in Exposure 
Time, firs Vi t on  A4-IllA-990 Hypalon A2211A-2718 
24 1.43 3 . 5 8  
-1 8 
96 
0 . 4 9  
U - 7 3  
tj .88 
9 .u5 
300 u .;il 2 2 . 0 3  
These d a t a  i;+.cre t h e  lns t  t o  be. o b t a i u e d  w i t h  t h e  p r o t o t J - p e  VQ1 a p p a -  
r a t u s 2  which h a s  s i n c e  been dissembled f o r  rep lacement  bj- a n  improved 
V a l  appa r a  t u s  . 
The p r o t o t j - p c  V a l  a p p a r a t u s  h3s  been  shown t o  be  e n t i r e l p  s a t i s -  
f a c t o r y  f o r  t h e  work performed t h u s  f a r ;  however,  t h e  a p p l i c a t i o n  of 
this a p p a r a t u s  was l imited to e l a s t o m e r i c  s h e e t s .  S i n c e  b o t h  p l a s t i c s  
and elastoiiicrs i i i  v a r i o u s  c o n i i g u r a t i o n s ,  such  a s  tie-cords, l a m i n a t e s ,  
s l e e v i n g s ,  e t c . ,  must 3150 be e v a l u a t e d ,  and s ince  an  i n c r e a s e d  amount 
of d a t a  per -1-week r u n  fo r  engineering c u r v e s  i s  d e s i r a b l e ,  work 
hluyaca, R .  F . ,  e t  31.. " Space Envi  ronnient E i f e c  ts on Polyiner ic  
L- 
h l a t e r i a l s , "  s t a n f o r d  Research I n s t i t u t e ,  I n t e r i m  T e c h n i c a l  R e p o r t  30. 2 ,  
Pro  J e C t  4257, XiilJ- 1965. 
7 3  
r e l a t e d  t o  a 
i n  l u t u r e  W O I - ~ ,  VChI v a l u e s  h i l l  be d e f i n e d  i n  acco rdance  N i t 1 1  the  
c o n i i g u r a  tiun u i  t h e  m a t e r i a l ,  t o r  exaiiiple, tie-cords: 
w t  o f  VCX per u n i t  l e n g t h  
P e r t i n e n t  d imens ions ,  such  a s  width  of t a p e s  and t h i c k n e s s  of films will 
be  i d e n t i l i e d .  
B .  :tIICRO-L'Chl 
A r e a l  need of  b o t h  pfiases of t h i s  program h a s  been f o r  a r a p i d  
s c r e e n i n g  p rocedure  uhich  h i 1 1  e x p e d i t e  tIie s e l e c t i o n  of m a t e r i a l s  f u r  
d e t a i l e d  q u n l i f i c a r i o n  t es t s  (Phase I )  and i o r  extended e v a l u a t i o n  
(Phase 11). For t h i s  reaso:i, a m u l t i p l e - u n i t  h a s  been d e s i g n e d  and 
The  i;.icro-VGl c ~ p p L ~ r L i t u s  cvnsists oi tko u n i t s ,  each  of which a r e  
s e t  up I O I .  12 5 d l i i p i e z .  F i g u r e  26 i l l u s r r a t e s  t h e  r l ronr  dnd back of 
itidiTu i d u C i l  ui l i  t y .  ~~1i1:plt-s '11.c' con ta ined  i n  i n d i v i d u a l  bored-out  compart-  
i i i c n i y ,  111 a s o l i d  w p p ~ x  b l u c h ,  u h i c h  'ire covered by t h e  coppe r  d i s c s  
+ l i u ~ n  111 L I ~ C  f r u n t  c, i  t h e  phutogr . iph.  The  l ied t i r ig  e lement  for  t h e  b l o c h  
X - A c t i g l o  s i r e  n l i ic l l  t u 3  b e m  solder~xi in p lace  a t  s u f f i c i e n t  
i n r t r i r a l s  t u  i i a i n t n i n  uni iormlq  a bloch t e m p e r a t u r e  of 125OC. 
Also shown 1 1 1  thc pho tograph  1 3  the  cqp;)er p l a t e  which h o l d s  t h e  
VCX c<.llector p l a t ~ s  and 1s cuoled b> so lde red - in -p lace  w a t e r  lines. 
The screiv-heads a p p e a r i n g  uet,veen t h e  cooling lines h o l d  t h e  co l lec tor  
plLites in place; t h e  p l a t e s  a r e  n o t  ihoun i n  F i g u r e  2 6 .  
The p a t h  Iron1 the sample co i , rpar tments  to t h e  co l lec tor  p l a t e s  i s  
d e i i n e d  ug a h u l e  01 l a r g e  s ide  111 comparison uith t h e  compartment s ize;  
ci 'oss-con ta:nina t i o n  be t s e e n  compartments i s  e l i m i n a t e d  bq insertion of 
d l 1  ~&g-Cl*a te -1 ihe  Udfkle .  
7 5  
T I -  5046 -70 
FIG. 26 MICRO-VCM APPARATUS MOUNTED ON 6-INCH VACUUM CONSOLE 
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a t  a l a t e r  d a t e .  
Procedure 
Samples of 100-200 mill igrams, c u t  i n  
i n  previously-weighed micro aluminum boats 
Figure 27 p r o v i d e s  a close-up v iew of the  micro-KM apparatus ,  
Design drawings of the  u n i t  a r e  being prepared and w i l l  be published 
small pieces, a r e  placed 
ed i n  an atmosphere 
d i t y  for a t  least 2 4  hours. Th amples are weighed 
robalance and placed i n  the compa i n  the  copper block; 
meat covers,  sea led  with Teflon ets, are secured by 
screws. 
weighed on a microbalance and fastened f i rmly  to the  copper cool ing 
block by a screw arrangement. When the  bell-jar (shown i n  F i g u r e 2 6 )  
has  been set over the apparatus,  and the  system has been evacuated to 
a pressure  less than torr, the  copper blocks are heated to 125OC 
and con t ro l l ed  by va r i ab le  transformers.  
f o r  24 hours; then the  block i s  allowed to cool under vacum to a t  
l e a s t  5OoC, whereupon the  b e l l - j a r  containing the  apparatus i s  vented 
with d r y  n i t rogen  o r  helium. The samples and collector p l a t e s  a r e  
removed and pfaced i n  des icca tors ,  and weighed i n  order of removal 
from t h e  apparatus.  
The polished and cleaned copper collector p l a t e s  a r e  a l s o  
The temperature is maintained 
The micro-VUU value i 6  ca lcu la ted  on a W-$ b a s i s  (maximum VCM 
ava i l ab le ) ;  weight-loss i s  a l s o  ca l cu la t ed  on a wt-$  ba s i s .  The d i f -  
nce between the  t w o  values  i s  reported a s  $-+oncondensable mater ia l .  
Discussion of Micro-Md Determinations 
Because of da ta  obtained in p r i o r  work, two elastomers were 
selected as c o n t r o l  samples: 
conten t  compared to  noncondensable mater ia l ,  and Viton-990 which has 
a small VQf content  compared to  noncondensable material. These samples 
w i l l  be run with each set of de temina t ions  u n t i l  an estimate of limits 
can be determined for the r e s u l t s  obtained with t h i s  apparatus.  Absolute 
SE-555 (white)  which has a l a r g e  VCX 
and closely-reproducible  values are n o t  an t i c ipa t ed  with t h i s  procedure, 
T I - 5 0 4 6 - 7 1  
FIG.27 CLOSE-UP VIEW OF THE MICRO-VCM APPARATUS 
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r .  . 
s ince  the  unifqrmity of polymer formulat ions cannot be assumed when 
micro-sized samples are  taken a t  random; however, i t  is felt  t h a t  i t  
will provide highly-sa tisf ac t o r y  r e s u l t s  f o r  screening candidate  
ma te r i a l s .  A sununary of the  r e s u l t s  f o r  c o n t r o l  samples i n  three 
d i f f e r e a t  runs are given i n  Table'XXII. 
(24 h r  a t  125OC and lo4 torr) 
(W c o l l e c t o r  p l a t e s  a t  25OC) 
I n  general ,  dup l i ca t e  determinat ions f o r  both weight-loss and VCM 
As shown i n  Table XXII, repeated values  average about f 0.06% (abs. ) . 
determina t ions  for t he  same material may show a v a r i a t i o n  of f 0.2$ (abs . )  
which i s  q u i t e  adequate for screening. 
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~ 
-w=M and weight-loss 
polymeric mater ia l s  given i n  Table XXIII 
regarding sample preparat ion a r e  listed. Polymer c l a s s e s  and code 
Enjay Butyl I sobutylene-i soprene, e las tomers  
Hyca r Polyacryl ic-ni  t r i l e  
JPL-1OC)X Polyurethane, confo 
Lexan Polycarbonate , s t ru  
Wicarta Glass-f i ber-rein forced epoxy, 
c i r c u i t  boards (65M25 i s  coppe 
Nordel E thy1 we-propy l e n e  term lymer,  
e l a  s tome r s 
SE-555 S i l icone ,  e las tomers  
The values  obtained for weight-loss agree w i t h i n  0 .25  of those 
obtained by the standardized we igh t -19ss  procedure ( s e e  Table XVI). 
Maximum VCNI values  f o r  SE-555 ( w h i t e )  and Viton-990 ( s e e  Table XXII) 
and S-555 (gray) (see Table XXrII) agree favorably with those obtained 
a t  48 hours  (maximum) i n  the prototype vQ2 apparatus:  
Prototype 
VCM-Value W-Value 
SE-555 (whi te) 0.56$ 0.285 ( av )  
-555 (gray) 0.40 0.30 (av)  
V i  ton-990 0.50 0.02 (av)  
E x a c t  dupl ica t ion  of former r e s u l t s  was not an t i c ipa t ed  because of 
t he  d i f f e r e n t  a r eas  used f o r  VlCM collection. 
a l l  w=M i s  co l l ec t ed  d i r e c t l y  on a collector p l a t e  of approximately 
In  the  micro-vod apparatus ,  
-
t w i c e  the a rea  used i n  the prototype apparatus.  The increased su r face  
a r e a  penni ts  l izat ion of material  a t  a g r e a t e r  r a t e  and thus the 
r e s i d u a l s  on t cro-vcbb c o l l e c t o r  p l a t e s  would have a s l i g h t l y  
d i f f e r e n t  composition than i n  the prototype apparatus;  never the less ,  a 
f a c t o r  of t w o  d i f f e rence  i s  observed i n  most ins tances .  
An i l l u s t r a t i o n  of the  e f fec t iveness  of the  micro-VCM procedure 
f o r  screening i s  i l l u s t r a t e d  by the r e s u l t s  f o r  Nordel-115: VCM values 
were determined previously' a t  143OC and 93OC f o r  24-hr periods, with 
r e s u l t i n g  values  of 2 .05  and 0.3%. A s t r a i g h t  l i n e  can be d r a m  
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b l e  XXIff 
MICRO-VCP DETERMINATIONS~ 
(24 h r  a t  125OC and 
(VCM collector p l a t e s  at 25% 
torr) 












N o t  esc T o t a l  W t  VCM, Noncondensable  Loss, wt-$l Wt-Loss, $ 
I I 
Material 
Enjay  B u t y l  EX-1090 
Enjay B u t y l  EX-1091 
Enjay  B u t y l  EX-1092 0.10 0.76 
E 
0.86 
0.53 0.30 0.23 1,2 
1.90 0.17 1.73 'L ,2 
0.20 0.10 0.10 194 
0.19 0.03 0.16 1,4  
0.06 0.02 t 0.04 1 ' 2  
0.08 0 , O l  0.07 12 







k x a n  
. .ii . . ,. 
. I  
Micarta H-2497 
Micarta 65M25 
Nordel A5411A-115 1.29 0.51 
a )  Values  are a v e r a g e  of 2 d e t e r m i n a t i o n s :  for  d u p l i c a t e  s amples ,  
VCW and w t - l o s s  may v a r y  I tO.oS$ abs .  
' b \  ECC, Enjay Chemical Company GE, G e n e r a l  Electr ic  Company 
BFC, B. F. Goodrich Company WE, West inghouse Electr ic  Company 
AA, A b l e s t i k  Adhesive Company D u P ,  E.I. DuPont d e  Nemours 
Company, I n  
c'l 1. Cond i t ioned  in 50$ humidi ty  f o r  24 h r  b e f o r e  i n i t i a l  weighing ,  
and s t o r e d  i n  d e s i c c a t o r  f o r  30 minu tes  b e f o r e  final weighing.  
2. Sample used as r e c e i v e d .  
3. P o s t c u r e d  4 h r  a t  150'C. 
4. Cured 4 h r  at 75'C. 
5. P o s t c u r e d  18 h r  a t  175%. 
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The maximum value f o r  VChl a t  143OC a f t e r  300 hours, f o r  Nordel-115, 
Thus, a maximum value f o r  VQll a t  125OC can be estimated was about 3.0$. 
comparison, the micro-vQa value a t  1.39 for maximum- 
o be a l i t t l  ut i t  is i ng with th 
cipated f o r  and i t  sti 
t a b i l i t y  of th is  material for  spacecrafts .  
VI. VOLATILg MATERIAL 
Mass spectral identification of substances volatilized from poly- 
s at t25'C in vacuo is made in 
al-pr 
ion with the studies -- 
determinations. The procedure involves the pumping of a sample overnig 
at room temperature, in a modified inlet system attached to a CEC Model 
21-103C mass spectrometer, to remove surface gases and moisture; then it 
is brought quickly to a temperature of 125% and the evolved vapors are I 
scanned immediately. 
In view of the contrast in VCM values between Hypalon-2718 and 
Viton-990 (see Section V), and the fact that most of the weight-loss for 
the Viton was due to noncondensable material, it was interesting to ex- 
I 
amine the volatilized products, 
fluoride and hexafluoropyleae; as shown in Table XXIV, all of th 
ponents are quite volatile under these conditions. Hypalon-2718 is a 
chlorosulfonated polyethylene; the data summarized in Table MIV might ex- 
Viton-990 is a co-polymer of vinylidene 
, 
plain the discoloration of the copper plugs, the increasing VCM values i 
with time, and the reduction of polymer resilience during the VCM 
determinations. 
I 
Since degradation of mechanical properties had been reported for a 
Lexan film, both vacuum-weight-loss determinations (see Section 111) and 
mass spectrometric examination were performed for Lexans (polycarbonates) I 
of similar composition. 
(0.2gb); at first glance, there is little to indicate a material which 
would account for the loss of mechanical properties in the summary of 
The weight-loss was shown to be- very small 
volatile products given in Table XXVI. All of the products are easily 
~ attributable to synthetic processes. However, decomposition studies 
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i n d i c a t e d  t h a t  the p r e s e n c e  of m i n e r a l  a c i d s  or o r g a n i c  c h l o r i d e  i n  
the p o l y c a r b o n a t e  a p p a r e n t l y  enhances t h e  d e g r a d a t i o n  of t h e  material. 
H y d r o c h l o r i c  acid i s  fomed d u r i n g  t h e  process and is a d m i t t e d l y  d i f f i -  
cult t o  remove. 
T a b l e  XXIV 
MASS SPECTRAL IDENTIFICATION 
OF SUBSTANCES VOLATILIZED FROM 
DU POW VITON A4411A-990 
(125% and lO-'torr) 
I I d e n t i f i e d  Component E s t i m a t e d  Composi t ion,  $ 
~ 
1 ~ _ _  1 
Water  50 





Benzyl  e t h e r  
D i o c t y l p h t h a l a t e  I 
t I 
Lee, L. H., Am. Chem. Soc.,  Div. Org. C o a t i n g s ,  Plastic Chem., -
P r e p r i n t s  2272), 131 (1962). - 
a 4  I 
NASS SPECTRAL IDENTIFICATIOW 
OF SUBSTANCES VOLATILIZED FROlY 
DU PONT HYF'ALUM A2211A-2718 








10 Unsaturated hydrocarbons, 
Ester of phthalic acid 
to c20 
8 
Lexan Lexan Lexan Lexan 
100-111 101-Ill 101-112 103-112 
46s 6 6  48% 14k 
3 
28 12 28 66 
. 9  7 7 
1 t o  mol.  wt. 256 for 103-112; to mol. wt. 400 for 
others. 
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A. MATERIAL SPECIFICATIONS 
Investigations of physical and chemical properties of polymers will 
or incorporation into specification 
Vacuum-weight-loss determinations via standardized procedures will 
be made on a continuing basis in order to establish limitations for 
specifications requirements for various polymeric materials. 
Close co-operation with the JPL Cognizant Engineer will continue in 
the selection of material properties to be determined, in suggesting test 
methods for specifications, and in reviewing draft specifications. 
B. ENGINEERING INFORMATION 
Micro-VCM determinations will be made on a continuing basis in 
order to assist the Cognizant Engineers for both phases of the program 
in selecting materials for more detailed evaluation or characterization. 
Work will continue on the fabrication and assembly of the vacuum 
system for VCM determinations which will be made in the clam-shell units. 
Determinations with the n e w  apparatuses will be initiated as soon as an 
appropriate vacuum system can be assembled. 
Corollary identification of volatilized substances by mass spec- 
trometry will be made as perti 
Regular observations will e of the status the elastomers 
which are stored under constant strain for 8 months. The test of a 
plastic material under constant load will be initiated. 
Work will continue on the measurements of stress relaxation changes 
for selected polymers during a 6-week exposure to the thermal-vacuum 
environment . 
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I n  accordance wi tb  the  New Technology Clause of Contract  950745 
under NAS7-100, formal announcement f the var ious technol- 
o g i e s  which have been developed or ad a t  Stanford Research 
I n s t i t u t e  Under JPWNAsA sponsorship. 
VACUU-WEIGIIT-I.OSS APPARATUS FUR POLYMERIC MATERIALS 
Innovator: R. F. Muraca 
F i r s t  used: Ju ly  1965 
Reports: Interim Report No. 1 (August 1965) 
Inter im Report No. 2 (March 1966) 
(Monthly R e p o r t s  No. 13, Ju ly  1965, and following) 
The apparatus  is designed s p e c i f i c a l l y  for determining the  
thermal-vacuum weight-loss of polymeric materials i n  a simulated 
spacecraf t  environment.. Description of the vacuum system used 
with the weight-loss apparatuses and a standardized procedur 
f o r  determining weight-loss i s  a l s o  given. 
LXINC-TERM STORAGE APPARATUS POR PoLYME3tIC MATERIALS 
Innovators: R. F. Muraca w i t h  N. Fishman 
F i r s t  used: December 1965 
Reports: I n t e r i m  Report No. 2 (March 1966) 
(Monthly Reports No. 16, October 1965, and fol lowing)  
The long-term storage apparatus ,  including a vacuum s y s t e m ,  
has been designed s p e c i f i c a l l y  for  subjec t ing  elastomeric  
materials to consta  s t r a i n  during long-term exposure to a 
simulated spacecraf enviroument. Descr ipt ion of t he  procedure 
f o r  i n i t i a t i n g  the  tests i s  also given. 
A second apparatus  (using the  same vacuum sys t em)  is being 
fabricated f o r  subject ing p l a s t i c  ma te r i a l s  to constant  load. 
a9 
(3) MICRO-w=hl APPARATUS FOR POLYMERIC bk4TeRIAJ.S 
Innovator: R.  F. Muraca 
F i r s t  used: January 1966 
Report 6: : In t e r im  R e p o r t  No. 2 (March 1966) 
(Monthly R e p o r t s  17, November 1965, and fol lowiag)  
The micro-W=M apparatus is a nu l t ip l e -un i t  (24 samples) 
( v o l a t i l e  condensable ma te r i a l )  a r e  determined concurrent ly .  
Descr ipt ion of the  accompanying vacuum s y s t e m  and the  procedure 
a r e  also given. 
(4 )  IMHzov16D VCM APPARATUS FOB POLYbERIC *UTERIALS 
Innovator: R .  P. Muraca 
F i r s t  used: (preliminary check-out on ly)  
Reports : Inter im Report No. 2 (ldarch 1966) 
(Monthly R e p o r t s  No. 15, September 1965, and 
following ) 
The improved VC?d apparatus is  designed to provide engineer- 
ing  information on the  deposi t ion and subsequent removal of 




AND ntE PfUkFERTIES EVAIIIAW! 
(As of February .1956) 
Poi yacry 1 ic-glrsr fiber 
b HU k r y l  A (BAI 
Ben h Acrvl G2 
Silicone 








S E -3604 
S E -3613 124!680) 




GE Structural plastic X 
G E  Sthctural plestic 
C E  Structural plastic 
G E  Structural plastic 
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x x  
x x  
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* Ab, Ableatik Mbeaite Company ECC. Enjay Chemical Ceclp.my 
BFC. B. F. Goodrich Campany GE. General E l e c t r i c  -y 
W, Bentley-H.rris yfg. & m a y  MT, Y & T Cher ica l  Cerp.ay 
hP, E. I. duPont de Nemoura CoPpny,  Inc. ShC, Shell Chemical Company 
K. Emeraon and Cuaing. Inc. %, k a t i n g h o u m  Electric Corporation 
t baaureracnra mad analyse. aade tn s i#u.  
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